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Descrfption 

The present invention relates to a semiconductor 
laser diode and a method of forming the same, and more 
particularly to a gallium nitride based compound semi- 
conductor laser having a current block layer structure 
selectively grown for a current confinement and a meth- 
od of formirig the same. 

Gallium nitride is larger in energy ban gap than 
those of indium phosphate and gallium arsenide, for 
which reason gallium nitride based semiconductors of 
InjjAlyGai.jc^N (O^x^l, O^y^l, O^x+y^l) maybe ap- 
plied to light emitting diodes such as semiconductor la- 
ser diodes for emitting a light of an wavelength in the 
range of green light wavelength to ultraviolet ray wave- 
length. 

Gallium nitride based semiconductor may have ei- 
ther hexagonal crystal structure or cubic crystal struc- 
ture. The hexagonal crystal structure is more stable in 
energy than the cubic crystal structure. 

One of conventional gallium nitride based semicon- 
ductor laser diodes is disclosed by S. Nakamura et al. 
in Extended Abstracts of 1 996 International Conference 
On Solid State Devices And Materials, Yokohama, 
1996, pp. 67-69. 

The conventional gallium nitride based semicon- 
ductor laser diode will be described with reference to 
FIG. 1. A 300A-thick undoped GaN buffer layer 102 is 
formed on a (1 1 -20)-face sapphire substrate 201 . A 3 |x 
m-thick n-type GaN contact layer 103 doped with Si is 
formed on the 300A-thick undoped GaN buffer layer 
102, A 0.1 ^ m-thick n-type InQosGaoggN layer 104 
doped with Si is formed on the 3 |j. m-thick n-type GaN 
contact layer 103. A 0.4 \x m-thick n-type AIq oyGao.gaN 
cladding layer 105 doped with Si is formed on the 0.1 |i 
m-thick n-type InQ osGao ggN layer 104. A 0.1 m-thick 
n-type GaN optical guide layer 106 doped with Si is 
formed on the 0.4 |a m-thick n-type Alo.07Gao.93N clad- 
ding layer 1 05. A multiple quantum well active layer 1 07 
is formed on the 0.1 ^ m-thick n-type GaN optical guide 
layer 106. The multiple quantum well active layer 107 
comprises 7 periods of 25A-thick undoped InQ.gGao.sN 
quantum well layers and 50A-thlck undoped 
'"0.05^^0,95^ barrier layers. A 200A-thick p-type 
Ato.2Gao.8N layer 108 doped with Mg Is formed on the 
multiple quantum well active layer 107. A 0.1 m-thick 
p-type GaN optical guide layer 109 doped with Mg Is 
formed on the 200A-thick p-type Alo ^Gao.sN layer 108. 
A 0,4 m-thick p-type AIq oyGao.gGN cladding layer 110 
doped with Mg is formed on the 0.1 p m-thick p-type 
GaN optical guide layer 1 09. A 0.2 |a m-thick p-type GaN 
contact layer 1 1 1 doped with Mg is formed on the 0.4 \x 
m-thick p-type Alo.07Gao.93N cladding layer 110. A p- 
electrode 1 1 2 is formed on the 0.2 p m-thick p-type GaN 
contact layer 111. The p-electrode 1 1 2 comprises a nick- 
el layer laminated on the top flat surface of the 0.2 ji m- 
thick p-type GaN contact layer 111 and a gold layer lam- 
inated on the nickel layer. An n-eiectrode 11 3 is provided 



00 the recessed surface of the 3 m-thick n-type GaN 
contact layer 103. The n-electrode 113 comprises a ti- 
tanium layer laminated on the 3 [i m-thick n-type GaN 
contact layer 103 and an aluminum layer laminated on 
5 the titanium layer. 

All of the semiconductor layers have hexagonal 
crystal structure with the (0001 )-f ace grown over the 
(.11-20)-face sapphire substrate 201. 

The above conventional gallium nitride based sem- 
iconductor laser diode has no current confinement 
structure, for which reason the above conventional gal- 
lium nitride based semiconductor laser diode has a rel- 
atively large threshold current. 

Other conventional gallium nitride based semicon- 
ductor laser diode Is disclosed by S. Nakamura et al. in 
Applied Physics Letters, vol. 69 (1996), p. 1477. The 
other conventional gallium nitride based semiconductor 
laser diode will be described with reference to FIG. 2. A 
300A-thick undoped GaN buffer layer 102 is formed on 
a (11-20)-face sapphire substrate 201 . A 3 n m-thick n- 
type GaN contact layer 1 03 doped with Si is formed on 
the 300A-thick undoped GaN buffer layer 102. A 0.1 p 
m-thick n-type Ino.osGaQ 95N layer 104 doped with Si is 
formed on the 3 p m-thick n-type GaN contact layer 103. 
A 0.5 p m-thick n-type Alo.05Gao.9sN cladding layer 605 
doped with Si is formed on the 0.1 p m-thick n-type 
Ino.osGao.gsN layer 104. A 0.1 p m-thick n-type GaN op- 
tical guide layer 106 doped with SI is formed on the 0.5 
p m-thick n-type Alo.05Gao.95N cladding layer 605. A 
multiple quantum well active layer 707 is formed on the 
0.1 p m-thick n-type GaN optical guide layer 106. The 
multiple quantum well active layer 707 comprises 7 pe- 
riods of 30A-thick undoped lno.2Gao.8N quantum well 
layers and 60A-thick undoped Ino.osGao 95N barrier lay- 
ers. A 200A-thick p-type Alg.aGao.sN layer 108 doped 
with Mg is formed on the multiple quantum well active 
layer 707, A 0.1 p m-thick p-type GaN optical guide layer 
109 doped with Mg is formed on the 200A-thick p-type 
Alo.2Gao.8N layer 108. A 0.5 p m-thick p-type 
Alo.05Gao.g5N cladding layer 710 doped with Mg is 
formed on the 0.1 p m-thick p-type GaN optical guide 
layer 109. A 0.2 p m-thick p-type GaN contact layer 1 1 1 
doped with Mg is formed on the 0,4 p m-thick p-type 
Alo.05Gao.g5N cladding layer 710. The 0.2 p m-thick p- 
type GaN contact layer 111 has a ridge-shape. A p-elec- 
trode 112 is formed on the top portion of the 0.2 p m- 
thick p-type GaN contact layer 1 1 1 . The p-electrode 112 
comprises a nickel layer laminated on the top flat sur- 
face of the 0.2 p m-thick p-type GaN contact layer 111 
and a gold layer laminated on the nickel layer. A silicon 
oxide film is formed which extends on the sloped side 
walls of the ridge portion of the 0.2 p m-thick p-type GaN 
contact layer 111 and also on the flat base portions of 
the 0.2 p m-thick p-type GaN contact layer 111 as well 
as on side walls of the above laminations of the the 3 p 
m-thick n-type GaN contact layer 103, the 0.1 p m-thick 
n-type lno.05Gao.s5N layer 104, the 0.5 p m-thick n-type 
AloosGao.gsN cladding layer 605, the 0.1 p m-thick n- 
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type GaN optical guide layer 106. the multiple quantum 
well active layer 707. the 200A-thick p-type Ato.aGao.aN 
layer 108, the 0.1 \l m-thick p-type GaN optical guide 
layer 109, the 0.4 ^ m-thick p-type Alo.osGao.95N clad- 
ding layer 7 1 0 and the 0.2 m-thick p-type GaN contact s 
layer 111. An n-electrode 113 is provided on the re- 
cessed surface of the 3 \i m-thick n-type GaN contact 
layer 1 03. The n-electrode 113 comprises a titanium lay- 
er laminated on the 3 m-thick n-type GaN contact layer 
103 and an aluminum layer laminated on the titanium 10 
layer. 

All of the semiconductor layers have hexagonal 
crystal structure with the (OOOI)-face grown over the 
(11-20)-face sapphire substrate 201. 

The above ridge structure of the 0.2 p. m-thick p- ^5 
type GaN contact layer 1 1 1 might contribute any current 
confinement for reduction in threshold current. Since, 
however, a contact area between the p-electrode and 
the 0.2 (i m-thick p-type GaN contact layer 111 is small, 
a contact resistance of the p-electrode to the 0.2 jj. m- 20 
thick p-type GaN contact layer 111 is relatively large. 

Whereas the above ridge structure of the 0.2 p. m- 
thick p-type GaN contact layer 111 is defined by a dry 
etching process, this dry etching process may provide 
a damage to the semiconductor layers. 25 

The use of this dry etching process results in com- 
plicated fabrication processes for the laser diode. 

In the above circumstances, it had been required to 
develop a novel gallium nitride based compound semi- 
conductor laser and a method of forming the same. 30 

Accordingly, it is an object of the present invention 
to provide a novel gallium nitride based compound sem- 
iconductor laser free from the above problems. 

It is a further object of the present invention to pro- 
vide a novel gallium nitride based compound semicon- 35 
ductor laser having a current block layer structure for a 
current confinement. 

It is a still further object of the present invention to 
provide a novel gallium nitride based compound semi- 
conductor laser having a reduced threshold current. 40 

It is yet a further object of the present invention to 
provide a novel gallium nitride based compound semi- 
conductor laser having a reduced resistance to current. 

It is a further more object of the present invention 
to provide a novel method of forming a novel gallium ^5 
nitride based compound semiconductor laser having a 
current block layer structure for a current confinement. 

It is still more object of the present invention to pro- 
vide a novel method of forming a novel gallium nitride 
based compound semiconductor laser having a re- so 
duced threshold current. 

It is yet more object of the present invention to pro- 
vide a novel method of forming a novel gallium nitride 
based compound semiconductor laser having a re- 
duced resistance to current. ^5 

It is moreover object of the present invention to pro- 
vide a novel method of forming a current block layer 
structure in a novel gallium nitride based compound 



semiconductor laser without use of dry etching process. 

It is still more object of the present invention to pro- 
vide a novel method of forming a current block layer 
structure in a novel gallium nitride based compound 
semiconductor laser at highly accurate size or dimen- 
sions. 

The above and other objects, feature and advan- 
tage of the present invention will be apparent from the 
following descriptions. 

The primary present invention provides a current 
block layer structure in a semiconductor device. The 
structure comprises at least a current block layer of a 
first compound semiconductor having a hexagonal crys- 
tal structure. The current block layer are selectively 
grown on at least a surface of a compound semiconduc- 
tor region of a second compound semiconductor having 
the hexagonal crystal structure by use of dielectric stripe 
masks defining at least a stripe-shaped opening. 

The other present invention provides a method of 
forming a current block layer structure comprising the 
steps of providing dielectric stripe masks defining at 
least a stripe-shaped opening on a surface of a com- 
pound semiconductor region having a hexagonal crystal 
structure, and selectively growing at least a current 
block layer of a compound semiconductor having the 
hexagonal crystal structure on the surface of the com- 
pound semiconductor region by use of the dielectric 
stripe masks. 

Since the current block layer of a compound semi- 
conductor having a hexagonal crystal structure is selec- 
tively grown on a compound semiconductor base region 
also having the hexagonal crystal structure by use of the 
dielectric stripe masks defining at least a stripe-shaped 
opening, for example, a metal organic chemical vapor 
deposition method, then side walls of the current block 
layer have a good flatness. The selective growth using 
the dielectric stripe masks results in the highly flat side 
walls of the current block layer as compared to when a 
dry etching process is used. The selective growth using 
the dielectric stripe masks is superior in size-controlla- 
bility as compared to when a dry etching process is 
used. The above selective growth using the dielectric 
stripe masks is more simple than the dry etching proc- 
ess. It is essential for the present invention that the com- 
pound semiconductor of the current block layer has the 
hexagonal crystal structure and the compound semi- 
conductor base region also has the hexagonal crystal 
structure and also essential that the current block layer 
is formed by a selective growth using the dielectric stripe 
masks defining the stripe-shaped opening. Namely, it is 
important for the present invention that the current block 
layer of the hexagonal crystal structure compound sem- 
iconductor is formed on the hexagonal crystal structure 
compound semiconductor base region by a selective 
growth using the dielectric stripe masks defining a 
stripe-shaped opening such as a metal organic chemi- 
cal vapor deposition method. The current block layer se- 
lectively grown is capable of causing a current confine- 
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ment or a current concentration which increases a cur- 
rent density whereby a threshold current is reduced if 
the above current clock structure is applied to a semi- 
conductor laser 

Preferred embodiments of the present invention will s 
be described in detail with reference to the accompany- 
ing drawings. 

FIG. 1 is a fragmentary cross sectional elevation 
view illustrative of a conventional gallium nitride based 
compound semiconductor laser. io 

FIG. 2 is a fragmentary cross sectional elevation 
view illustrative of other conventional gallium nitride 
based compound semiconductor laser. 

FIG. 3 is a fragmentary cross sectional elevation 
view illustrative of a novel gallium nitride based com- ^5 
pound semiconductor laser having a current block layer 
structure for a current confinement in a first embodiment 
according to the present invention. 

FIG. 4 is a fragmentary cross sectional elevation 
view illustrative of a novel gallium nitride based com- 20 
pound semiconductor laser in a selective growth proc- 
ess by a metal organic chemical vapor deposition meth- 
od involved in a fabrication method thereof. 

FIG. 5 is a fragmentary cross sectional elevation 
view illustrative of a novel gallium nitride based com- 25 
pound semiconductor laser having a current block layer 
structure for a current confinement in a second embod- 
iment according to the present invention. 

FIG. 6 is a fragmentary cross sectional elevation 
view illustrative of a novel gallium nitride based com- 30 
pound semiconductor laser In a selective growth proc- 
ess by a metal organic chemical vapor deposition rneth- 
od involved in a fabrication method thereof. 

FIG. 7 is a fragmentary cross sectional elevation 
view illustrative of a novel gallium nitride based com- 55 
pound semiconductor laser having a current block layer 
structure for a current confinement in a third embodi- 
ment according to the present invention. 

FIG, 8 is a fragmentary cross sectional elevation 
view illustrative of a novel gallium nitride based com- 
pound semiconductor laser in a selective growth proc- 
ess by a metal organic chemical vapor deposition meth- 
od involved in a fabrication method thereof. 

FIG. 9 is a fragmentary cross sectional elevation 
view illustrative of a novel gallium nitride based com- 
pound semiconductor laser having a current block layer 
structure for a current confinement in a fourth embodi- 
ment according to the present invention. 

FIG. 10 is a fragmentary cross sectional elevation 
view illustrative of a novel gallium nitride based com- so 
pound semiconductor laser in a selective growth proc- 
ess by a metal organic chemical vapor deposition meth- 
od involved in a fabrication method thereof. 

FIG. 11 is a fragmentary cross sectional elevation 
view illustrative of a novel gallium nitride based com- ss 
pound semiconductor laser having a current block layer 
structure for a current confinement in a fifth embodiment 
according to the present invention. 



• FIG. 12 is a fragmentary cross sectional elevation 
view illustrative of a novel gallium nitride based com- 
pound semiconductor laser in a selective growth proc- 
ess by a metal organic chemical vapor deposition meth- 
od involved in a fabricatbn method thereof. 

FIG. 13 is a fragmentary cross sectional elevation 
view illustrative of a novel gallium nitride based com- 
pound semiconductor laser having a current block layer 
structure for a current confinement in a sixth embodi- 
ment according to the present invention. 

FIG. 14 is a fragmentary cross sectional elevation 
view illustrative of a novel gallium nitride based com- 
pound semiconductor laser in a selective growth proc- 
ess by a metal organic chemical vapor deposition meth- 
od involved in a fabricatbn method thereof. 

The first present invention provides a current block 
layer structure in a semiconductor device. The structure 
comprises at least a current block layer of a first com- 
pound semiconductor having a hexagonal cr/stal'struc- 
ture. The current block layer are selectively grown on at 
least a surface of a compound semiconductor region of 
a second compound semiconductor having the hexag- 
onal crystal structure by use of dielectric stripe masks 
defining at least a stripe-shaped opening. 

Since the current block layer of a compound semi- 
conductor having a hexagonal crystal structure is selec- 
tively grown on a compound semiconductor base region 
also having the hexagonal crystal structure by use of the 
dielectric stripe masks defining at least a stripe-shaped 
opening, for example, a metal organic chemical vapor 
deposition method, then side walls of the current block 
layer have a good flatness. The selective growth using 
the dielectric stripe masks results in the highly flat side 
walls of the current block layer as compared to when a 
dry etching process is used. The selective growth using 
the dielectric stripe masks is superior in size-controlla- 
bility as compared to when a dry etching process is 
used. The above selective growth using the dielectric 
stripe masks is more simple than the dry etching proc- 
ess. It is essential for the present invention that the com- 
pound semiconductor of the current block layer has the 
hexagonal crystal structure and the compound semi- 
conductor base region also has the hexagonal crystal 
structure and also essential that the current block layer 
is formed by a selective growth using the dielectric stripe 
masks defining the stripe-shaped opening. Namely, it is 
important for the present invention that the current block 
layer of the hexagonal crystal structure compound sem- 
iconductor is formed on the hexagonal crystal structure 
compound semiconductor base region by a selective 
growth using the dielectric stripe masks defining a 
stripe-shaped opening such as a metal organic chemi- 
cal vapor deposition method. The current block layer se- 
lectively grown is capable of causing a current confine- 
ment or a current concentration which increases a cur- 
rent density whereby a threshold current is reduced if 
the above current clock structure Is applied to a semi- 
conductor laser. 
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The above hexagonal crystal structure may have a 
(OOOl)-face or a face tilted from the (OOOI)-face by an 
angle in the range of 0 degree to 10 degrees. In this 
case, the dielectric stripe masks are set so that the 
stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the [11-20] direc- 
tion or direction having an included angle to a [11-20] 
direction in the range of -5 degrees to +5 degrees. 

Altematively, the above hexagonal crystal structure 
may have a (OOOl)-face or a face tilted from a (0001)- 
f ace by an angle in the range of 0 degree to 1 0 degrees. 
In this case, the dielectric stripe masks are set so that 
the stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the [1-100] di- 
rection or direction having an included angle to a [1 -100] 
direction in the range of -5 degrees to +5 degrees. 

The compound semiconductor of the current block 
layer may be of an opposite conductivity type to that of 
the second compound semiconductor. In this case, the 
compound semiconductors of the current block layer 
and the compound semiconductor base region may be 
gallium nitride based semiconductors, for example, 
GaN, AIGaN, InGaN and InAIGaN, boron nitride based 
semiconductors. 

Alternatively, the compound semiconductor of the 
current block layer has a highfy resistive compound 
semiconductor such as an undoped semiconductor In 
this cause, the compound semiconductors of the current 
block layer and the compound semiconductor base re- 
gion may also be gallium nitride based semiconductors, 
for example, GaN, AIGaN, InGaN and InAIGaN. boron 
nitride based semiconductors. 

The compound semiconductor region may com- 
prise a compound semiconductor base layer having a 
flat top surface. In this case, the current block layer is 
selectively grown on the flat top surface of the com- 
pound semiconductor base layer by use of the dielectric 
stripe masks provided on the flat top surface of the com- 
pound semiconductor base layer. 

An additional compound semiconductor layer of the . 
same conductivity type as the compound semiconduc- 
tor base layer may be formed which extends on both 
side walls and a top surface of the current block layer 
and also extends over the compound semiconductor 
base layer under the stripe-shaped opening. 

Alternatively, laminations of a plurality of additional 
compound semiconductor layers of the same conduc- 
tivity type as the compound semiconductor base layer 
may be formed which extend on both side walls and a 
top surface of the current block layer and also extend 
over the compound semiconductor base layer under the 
stripe-shaped opening. 

A side wall of the current block layer may be a ver- 
tical side wall or a sloped side wall. 

The compound semiconductor base region may in- 
clude at least a flat base portion and at least a ridged 
portion, and wherein the current block layer is selective- 
ly grown both on the flat base portion and on side walls 



otthe ridged portion by use of the dielectric stripe masks 
provided on a top portion of the ridged portion. The cur- 
rent block layer may comprise a single layer having a 
top surface which is substantially the same level as the 
5 top portion of the ridged portion or may comprise lami- 
nations of a plurality of different layers and the lamina- 
tions have a top surface which is substantially the same 
level as the top portion of the ridged portion. In the latter 
case, the laminations may comprise a first layer having 
10 an opposite conductivity type to the compound semicon- 
ductor region, a second layer being laminated on the 
first layer and having the same conductivity type as the 
compound semiconductor region, and a third layer be- 
ing laminated on the second layer and having the oppo- 
15 site conductivity type to the compound semiconductor 
regran. The ridged portion may include laminations of a 
plurality of different compound semiconductor layers. 
The ridged portion and the flat base portion comprise a 
single compound semiconductor layer having a ridged 
portion and etched portions. 

The second present invention provides a gallium ni- 
tride based compound semiconductor laser having a 
current block layer structure. The current block layer 
structure comprises current block layers and at least an 
additional compound semiconductor layer. The current 
block layers of a first compound semiconductor having 
a hexagonal crystal structure are selectively grown on 
a flat top surface of a compound semiconductor base 
layer of a second compound semiconductor having the 
hexagonal crystal structure by use of dielectric stripe 
masks defining at least a stripe-shaped opening and be- 
ing provided on the flat top surface of the compound 
semiconductor base layer The additional compound 
semiconductor layer of the same conductivity type as 
the compound semiconductor base layer extends on 
both side walls and top surfaces of the current block lay- 
ers and also extends over the compound semiconductor 
base layer under the stripe-shaped opening. 

Since the current block layer of a compound semi- 
conductor having a hexagonal crystal structure is selec- 
tively grown on a compound semiconductor base region 
also having the hexagonal crystal structure by use of the 
dielectric stripe masks defining at least a stripe-shaped 
opening, for example, a metal organic chemical vapor 
deposition method, then side walls of the current block 
layer have a good flatness. The selective growth using 
the dielectric stripe masks results in the highly flat side 
walls of the current block layer as compared to when a 
dry etching process is used. The selective growth using 
the dielectric stripe masks is superior in size-controlla- 
bility as compared to when a dry etching process is 
used. The above selective growth using the dielectric 
stripe masks is more simple than the dry etching proc- 
ess. It is essential for the present invention that the com- 
pound semiconductor of the current block layer has the 
hexagonal crystal structure and the compound semi- 
conductor base region also has the hexagonal crystal 
structure and also essential that the current block layer 
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is formed by a selective growth using the dielectric stripe 
masks defining the stripe-shaped opening. Namely, it is 
Important for the present invention that the current block 
layer of the hexagonal crystal structure compound sem- 
iconductor is formed on the hexagonal crystal structure 
compound semiconductor base region by a selective 
growth using the dielectric stripe masks defining a 
stripe-shaped opening such as a metal organic chemi- 
cal vapor deposition method. The current block layer se- 
lectively grown is capable of causing a current confine- 
ment or a current concentration which increases a cur- 
rent density whereby a threshold current Is reduced if 
the above current clock structure is applied to a semi- 
conductor laser. 

The above hexagonal crystal structure may have a 
(OOOI)-face or a face tilted from the {0001)-face by an 
angle in the range of 0 degree to 10 degrees. In this 
case, the dielectric stripe masks are set so that the 
stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the [11-20] direc- 
tion or direction having an included angle to a [11-20] 
direction in the range of -5 degrees to +5 degrees. 

Alternatively, the above hexagonal crystal structure 
may have a (OOOI)-face or a face tilted from a (0001)- 
face by an angle in the range of 0 degree to 10 degrees. 
In this case, the dielectric stripe masks are set so that 
the stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the [1-100] di- 
rection or direction having an included angle to a [1 -1 00] 
direction in the range of -5 degrees to +5 degrees. 

The compound semiconductor of the current block 
layer may be of an opposite conductivity type to that of 
the second compound semiconductor. In this case, the 
compound semiconductors of the current block layer 
and the compound semiconductor base region may be 
gallium nitride based semiconductors, for example, 
GaN, AIGaN, InGaN and InAIGaN, boron nitride based 
semiconductors. 

Alternatively, the compound semiconductor of the 
current block layer has a highly resistive compound 
semiconductor such as an undoped semiconductor In 
this cause, the compound semiconductors of the current 
block layer and the compound semiconductor base re- 
gion may also be gallium nitride based semiconductors, 
for example, GaN, AIGaN, InGaN and InAIGaN, boron 
nitride based semiconductors. 

The compound semiconductor region may com- 
prise a compound semiconductor base layer having a 
flat top surface. In this case, the current block layer is 
selectively grown on the flat top surface of the com- 
pound semiconductor base layer by use of the dielectric 
stripe masks provided on the flat top surface of the com- 
pound semiconductor base layer. 

A side wall of the current block layer may be a ver- 
tical side wall or a sloped side wall. 

The third present invention provides gallium nitride 
based compound semiconductor laser having a current 
block layer structure which comprises current block lay- 



e(s of a first compound semiconductor having a hexag- 
onal crystal structure, the current block layers being se- 
lectively grown on both a flat base portion and side walls 
of a ridged portion of a compound semiconductor region 
5 of a second compound semiconductor having the hex- 
agonal crystal structure by use of dielectric stripe masks 
defining at least a stripe-shaped opening and being pro- 
vided on a top portion of the ridged portion. 

Since the current block layer of a compound semi- 
10 conductor having a hexagonal crystal structure is selec- 
tively grown on a compound semiconductor base region 
also having the hexagonal crystal structure by use of the 
dielectric stripe masks defining at least a stripe-shaped 
opening, for example, a metal organic chemical vapor 
15 deposition method, then side walls of the current block 
layer have a good flatness. The selective growth' using 
the dielectric stripe masks results in the highly flat side 
walls of the current block layer as compared to when a 
dry etching process is used. The selective growtlr using 
the dielectric stripe masks is superior in size-controlla- 
bility as compared to when a dry etching process is 
used. The above selective growth using the dielectric 
stripe masks is more simple than the dry etching proc- 
ess. It is essential for the present invention that the com- 
pound semiconductor of the current block layer has the 
hexagonal crystal structure and the compound semi- 
conductor base region also has the hexagonal crystal 
structure and also essential that the current block layer 
is formed by a selective growth using the dielectric stripe 
masks defining the stripe-shaped opening. Namely, it is 
important for the present invention that the current block 
layer of the hexagonal crystal structure compound sem- 
iconductor is formed on the hexagonal crystal structure 
compound semiconductor base region by a selective 
growth using the dielectric stripe masks defining a 
stripe-shaped opening such as a metal organic chemi- 
cal vapor deposition method. The current block layer se- 
lectively grown is capable of causing a current confine- 
ment or a current concentration which increases a cur- 
rent density whereby a threshold current Is reduced if 
the above current clock structure is applied to a semi- 
conductor laser. 

The above hexagonal crystal structure may have a 
(OOOI)-face or a face tilted from the (0001 )-f ace by an 
angle in the range of 0 degree to 10 degrees. In this 
case, the dielectric stripe masks are set so that the 
stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the [1 1 -20] direc- 
tion or direction having an included angle to a [11-20] 
direction in the range of -5 degrees to +5 degrees. 

Alternatively, the above hexagonal crystal structure 
may have a (OOOI)-face or a face tilted from a (0001)- 
face by an angle in the range of 0 degree to 1 0 degrees. 
In this case, the dielectric stripe masks are set so that 
the stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the [1-100] di- 
rection or direction having an included angle to a [1 -1 00] 
direction in the range of -5 degrees to +5 degrees. 
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The compound semiconductor ol the current block 
layer may be of an opposite conductivity type to that of 
the second compound semiconductor. In this case, the 
compound semiconductors of the current block layer 
and the compound semiconductor base region may be 
gallium nitride based semiconductors, for example, 
GaN, AIGaN. InGaN and InAIGaN. boron nitride based 
semiconductors. 

Alternatively, the compound semiconductor of the 
current block layer has a highly resistive compound 
semiconductor such as an undoped semiconductor. In 
this cause, the compound semiconductors of the current 
block layer and the compound semiconductor base re- 
gion may also be gallium nitride based semiconductors, 
for example, GaN, AIGaN, InGaN and InAIGaN, boron 
nitride based semiconductors. 

Each of the current block layers may comprise a sin- 
gle layer having a top surface which is substantially the 
same level as the top portion of the ridged portion. 

Alternatively, each of the current block layers may 
comprise laminations of a plurality of different layers and 
the laminations have a top surface which is substantially 
the same level as the top portion of the ridged portion. 
In this case, the laminations may comprise a first layer 
having an opposite conductivity type to the compound 
semiconductor region, a second layer being laminated 
on the first layer and having the same conductivity type 
as the compound semiconductor region, and a third lay- 
er being laminated on the second layer and having the 
opposite conductivity type to the compound semicon- 
ductor region. 

The ridged portion may include laminations of a plu- 
rality of different compound semiconductor layers. 

The ridged portion and the flat base portion may 
comprise a single compound semiconductor layer hav- 
ing a ridged portion and etched portions. 

The fourth present invention provides a gallium ni- 
tride based compound semiconductor laser comprising 
a substrate, a first In^AlyGai.j^.yN (O^x^ 1, O^y^l, 
0^x+y^1 ) layer of a first conductivity type formed over 
the substrate and the first In^AlyGai.^.yN (O^x^l, 
O^y^l, O^x+y^l) layer having a hexagonal crystal 
structure, In^Ga-j.^N (O^x^l) current block layers hav- 
ing the hexagonal crystal structure being selectively 
grown on a flat surface of the first ln5(AlyGa^.j(.yN 
(O^x^l, O^y^l, OSx+y^l) layer by use of dielectric 
stripe masks defining a ridge-shaped opening and being 
provided on the flat surface of the first In^jAtyGai.^.yN 
(O^x^l, O^y^l, O^x+y^l) layer, a second 
InxAIyGa^.x^N (O^x^l , O^y^l , O^x+ygl) layer of the 
first conductivity type being formed which extends on 
both side walls and top surfaces of the current block lay- 
ers and also extends over the first Inj^AlyGa^.j^.yN 
(O^x^l, O^y^l, O^x+y^l) layer, an active region of 
an In^AlyGai.x-yN (O^x^l, O^y^l, OSx+y^i) com- 
pound semiconductor formed over the second 
In^AlyGa^.^j^N (O^x^l, 0^y^1, O^x+y^l) layer, and 
a third In^AlyGai.jj.yN (O^x^l, O^y^l, O^x+y^ 1) lay- 



ei of a second conductivity type formed over the active 
regron. 

The fifth present invention provides a gallium nitride 
based compound semiconductor laser comprising a 
5 substrate, a first In^lyGa^.j^.yN (Ogx^ 1, O^y^l. 
O^x+y^l ) layer of a first conductivity type formed over 
the substrate and the first InAIGaN layer having a hex- 
agonal crystal structure, an active region of an 
lnxAlyGai.3c.yN (O^x^l, O^y^l. O^x+y^l ) compound 

^0 semiconductor having the hexagonal crystal structure 
and being formed over the first Inj^AlyGa, .j^.yN (Osx^l, 
OSy^l, O^x+y^l) layer, a second In^AtyGa^.x-yN 
(0^x^1, O^y^l. O^x+y^l) layer of a second conduc- 
tivity type being formed on the active region and the sec- 

'5 end In^AlyGa^.x-yN (O^x^l, O^y^l, O^x+y^l) layer 
having the hexagonal crystal structure, dielectric' stripe 
nnasks being provided on the second In^jAlyGa^.jj.yN 
(O^x^l, O^y^l, O^x+y^l) layer and the dielectric 
stripe masks defining a stripe-shaped opening, and an 

20 InjjGa^.jfN (O^xgl) layer of the second conductivity 
type having the hexagonal crystal structure being selec- 
tively grown by use of the dielectric stripe masks so that 
the InjjGa^.jjN (O^x^l) layer extends over the stripe- 
shaped opening and also extends over parts of the die- 

25 lectric stripe masks whereby the In^Gai.xN (0 ^x^l) 
layer has a ridge-shape. 

The sixth present invention provides a gallium ni- 
tride based compound semiconductor laser comprising 
a substrate, a first In^AlyGa^.x.yN (O^x^ 1, 0^y^1, 

30 o^x+y^ 1 ) layer of a first conductivity type formed over 
the substrate and the. first InAIGaN layer having a hex- 
agonal crystal structure, an active region of an 
In^AlyGa^.x-yN (O^x^l. 0^yg1, O^x+y^l) compound 
semiconductor having the hexagonal crystal structure 

55 and being formed over the first In^lyGa, .j^.yN (O^x^l , 
O^y^l, 0^x+y^1) layer, a second In^jAlyGa^.^.yN 
(O^x^l, O^y^l, O^x+y^l) layer of a second conduc- 
tivity type being formed on the active region emd the sec- 
ond lnxAlyGai.5(.yN {O^x^l. O^y^l, O^x+y^l) layer 

40 having the hexagonal crystal structure, In^jAlyGa^.^.yN 
(O^xgl, O^y^l, O^x+y^l) current block layers hav- 
ing the hexagonal crystal structure being selectively 
grown on a flat surface of the second In^AlyGa^.x.yN 
(O^x^l, 0^y^1, O^x+y^ 1) layer by use of dielectric 

-45 stripe masks defining a ridge-shaped opening and being 
provided on the flat surface of the second In^AlyGai.jj.yN 
(O^x ^1, OSy^l, O^x+y^l) layer, and an In^Ga^.^N 
(O^x^l) layer of the second conductivity type having 
the hexagonal crystal structure being formed which ex- 

50 tends on both side walls and top surfaces of the 
In^^AlyGa^.x-yN (O^x^l. O^y^l, OSx+y^l) current 
block layers and also extends over the second 
lnj(AlyGai.x.yN (O^x^l, O^y^l, O^x+y^ 1) layer. 
The seventh present invention provides a gallium 

55 nitride based compound semiconductor laser compris- 
ing a substrate, a first In^^AlyGa^.^-yN (O^x^ 1 , O^y^l, 
O^x+y^ 1 ) layer of a first conductivity type being formed 
on a part of the substrate and the first In^^ AlyGa-i .^.yN 
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(O^xg 1 . O^y^ 1 . 0^ x+y^ 1 ) layer having a hexagonal 
crystal structure and the first In^lyGa,. ^.yN (O^x^l, 
0^y^1 , O^x+y^l ) layer having a ridged portion, an ac- 
tive region of an lnxA!yGai.3£.yN (O^x^l, O^y^l. 
0^x+y^1) compound semiconductor being formed on 
the ridged portion of the first InxAlyGa^.j^, yN (O^x^l, 
0^y^1. O^x+y^l) layer, a second InjjAlyGai.x.yN 
(0^x^1 O^y^l. O^x+y^l) layer of a second conduc- 
tivity type being formed on the active region thereby to 
form a ridge-structure on the substrate, wherein the 
ridge-structure comprising laminations of the first 
In^lyGa^.j^^N (0^ x^l. 0^ysi, O^x+y^l) layer, the 
active region and the second In^AlyGa^.x-yN (0^x^1, 
O^y^t. 0^x+y^1) layer. In^AlyGai.^.yN (0^ xSI, 
O^y^ 1 , O^x+y^ 1 ) current block layers having the hex- 
agonal crystal structure being selectively grown on side 
walls of the ridged-structure and over the first 
lnj^lyGai.j,.yN (0^x^1, 0^y^1, 0^x+y^1) layer by 
use of dielectric stripe mask provided on the ridge-struc- 
ture, and a third In^AlyGai.jt.yN (0^x^1, 0^y^1, 
O^x+y^l) layer of the second conductivity type being 
formed over the In^AlyGa^.x-yN (0^x^1, O^y^l, 
O^x+y^l) current block layers and a top of the ridged- 
structure. 

The eighth present invention provides a gallium ni- 
tride based compound semiconductor laser comprising 
a substrate, a first In^AlyGai.x.yN (O^x^ 1, 0^y^1, 
0^x+y^1 ) layer of a first conductivity type being formed 
on the substrate and the first (njjAlyGa^.x.yN (O^x^l, 
O^y^l, 0^x+y^1) layer having a hexagonal crystal 
structure and the first lnj(AlyGa-,.j(.yN (0^ x^1. O^y^l, 
O^x+y^l) layer having a ridged portion, an active re- 
gion of an In^jAlyGa^.x-yN (O^x^l.O^y^l.O^ x+y 
^ 1 ) compound semiconductor being formed on the first 
ln5(AlyGai.^.yN (O^x^l, O^y^l O^x+y^ 1 ) layer, a sec- 
ond In^AlyGai.^.yN (O^x^l, Ogy^l, O^x+y^l) layer 
of a second conductivity type being formed on the active 
region and the second InjjAlyGa-j.jf.yN (O^x^l , O^y^l, 
0^x+y^1 ) layer having a ridge portion and flat base por- 
tions. ln^AlyGai.x.yN (O^x^l, O^y^l, 0^ x+y^1) cur- 
rent block layers having the hexagonal crystal structure 
being selectively grown on side walls of the ridge portion 
and over the flat base portions by use ol dielectric stripe 
mask provided on the ridge portion, and a third 
In^jAlyGai.x^N (0^x^1, O^y^l , 0^x+y^1) layer of the 
second conductivity type being formed over the 
In^AlyGai.^^N {0^x^1, Ogygl, O^x+y^ 1) current 
block layers and a top of the ridge portion. 

The ninth present invention provides a current con- 
finement structure in a semiconductor laser, comprising 
dielectric stripe masks defining a stripe-shaped opening 
and being provided on a flat surface of a compound 
semiconductor base layer having a hexagonal crystal 
structure, and a compound semiconductor ridge- 
shaped layer of a hexagonal crystal structure being se- 
lectively grown in the stripe-shaped opening over the 
compound semiconductor base layer as well as over 
parts of the dielectric stripe masks. The current block 



layer may selectively be grown by a metal organic chem- 
ical vapor deposition method. 

Since the compound semiconductor ridge-shaped 
layer of a compound semiconductor having a hexagonal 
5 crystal structure is selectively grown on a compound 
semiconductor base region also having the hexagonal 
crystal structure by use of the dielectric stripe masks de- 
fining at least a stripe-shaped opening, for example, a 
metal organic chemical vapor deposition method, then 

10 side walls of the compound semiconductor ridge- 
shaped layer have a good flatness. The selective growth 
using the dielectric stripe masks results In the highly flat 
side walls of the current block layer as compared to 
when a dry etching process is used. The selective 

'5 growth using the dielectric stripe masks is superior in 
size-controllability as compared to when a dry etching 
process is used. The above selective growth using the 
dielectric stripe masks is more simple than the dry etch- 
ing process. It is essential for the present invention that 

20 the compound semiconductor of the compound semi- 
conductor ridge-shaped layer has the hexagonal crystal 
structure and the compound semiconductor base region 
also has the hexagonal crystal structure and also es- 
sential that the compound semiconductor ridge-shaped 

25 layer is formed by a selective growth using the dielectric 
stripe masks defining the stripe-shaped opening. Name- 
ly, it is important for the present invenfion that the com- 
pound semiconductor ridge-shaped layer of the hexag- 
onal crystal structure is formed on the hexagonal crystal 

30 structure compound semiconductor base region by a 
selective growth using the dielectric stripe masks defin- 
ing a stripe-shaped opening such as a metal organic 
chemical vapor deposition method. The current block 
layer selectively grown is capable of causing a current 

35 confinement or a current concentrafion which increases 
a current density whereby a threshold current is reduced 
it the above compound semiconductor ridge-shaped 
layer is applied to a semiconductor laser. 

The above hexagonal crystal structure may have a 

40 (OOOI)-face or a face tilted from the (0001 )-face by an 
angle in the range of 0 degree to 10 degrees. In this 
case, the dielectric stripe masks are set so that the 
stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the [ 11-20] direc- 

45 tion or direction having an included angle to a [11-20] 
direction in the range of -5 degrees to +5 degrees. 

Alternatively, the above hexagonal crystal structure 
may have a (OOOl)-face or a face tilted from a (0001)- 
face by an angle in the range of 0 degree to 1 0 degrees. 

50 In this case, the dielectric stripe masks are set so that 
the stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the [1-100] di- 
rection or direction having an included angle to a [1-100] 
direction in the range of -5 degrees to +5 degrees. 

55 The tenth present invention provides a method of 
forming a current block layer structure comprising the 
steps of providing dielectric stripe masks defining at 
least a stripe-shaped opening on a surface of a com- 
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pound semiconductor region having a hexagonal crystal 
structure, and selectively growing at least a current 
block layer of a compound semiconductor having the 
hexagonal crystal structure on the surface of the com- 
pound semiconductor region by use of the dielectric 
stripe masks. 

Since the current block layer of a compound semi- 
conductor having a hexagonal crystal structure is selec- 
tively grown on a compound semiconductor base region 
also having the hexagonal crystal structure by use of the 
dielectric stripe masks defining at least a stripe-shaped 
opening, for example, a metal organic chemical vapor 
deposition method, then side walls of the current block 
layer have a good flatness. The selective growth using 
the dielectric stripe masks results in the highly flat side 
walls of the current block layer as compared to when a 
dry etching process is used. The selective growth using 
the dielectric stripe masks is superior in size-controlla- 
bility as compared to when a dry etching process is 
used. The above selective growth using the dielectric 
stripe masks is more simple than the dry etching proc- 
ess. It is essential for the present invention that the com- 
pound semiconductor of the current block layer has the 
hexagonal crystal structure and the compound semi- 
conductor base region also has the hexagonal crystal 
structure and also essential that the current block layer 
is formed by a selective growth using the dielectric stripe 
masks defining the stripe-shaped opening. Namely, it is 
important for the present invention that the current block 
layer of the hexagonal crystal structure compound sem- 
iconductor is formed on the hexagonal crystal structure 
compound semiconductor base region by a selective 
growth using the dielectric stripe masks defining a 
stripe-shaped opening such as a metal organic chemi- 
cal vapor deposition method. The current block layer se- 
lectively grown is capable of causing a current confine- 
ment or a current concentration which increases a cur- 
rent density whereby a threshold current is reduced if 
the above current clock structure is applied to a semi- 
conductor laser. 

The above hexagonal crystal structure may have a 
(OOOI)-face or a face tilted from the (OOOI)-face by an 
angle in the range of 0 degree to 10 degrees. In this 
case, the dielectric stripe masks are set so that the 
stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the [11-20] direc- 
tion or direction having an included angle to a [11-20] 
direction in the range of -5 degrees to +5 degrees. 

Alternatively, the above hexagonal crystal structure 
may have a (OOOI)-face or a face tilted from a (0001)- 
face by an angle in the range of 0 degree to 1 0 degrees. 
In this case, the dielectric stripe masks are set so that 
the stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the [1-100J di- 
rection or direction having an included angle to a [1 -1 00] 
direction in the range of -5 degrees to +5 degrees. 

The compound semiconductor of the current block 
layer may be of an opposite conductivity type to that of 



the compound semiconductor region. In this case, the 
method as claimed in claim 108, wherein the compound 
semiconductor of the current block layer and the com- 
pound semiconductor region may be gallium nitride 
s based semiconductors or boron nitride based semicon- 
ductors. 

Afternatively, the compound semiconductor of the 
current block layer may have a highly resistive com- 
pound semiconductor such as an undoped semiconduc- 
10 tor. 

The compound semiconductor region may com- 
prise a compound semiconductor base layer having a 
flat top surface, and wherein the current block layer is 
selectively grown on the flat top surface of the com- 
'5 pound semiconductor base layer by use of the dielectric 
stripe masks provided on the flat top surface of the com- 
pound semiconductor base layer. 

An additional compound semiconductor layer of the 
same conductivity type as the compound semiconduc- 
tor base layer may further be formed so that the addi- 
tional compound semiconductor layer extends, on both 
side walls and a top surface of the current block layer 
and also extends over the compound semiconductor 
base layer under the stripe-shaped opening under the 
stripe-shaped opening. 

Alternatively, laminations of a plurality of additional 
compound semiconductor layers of the same conduc- 
tivity type as the compound semiconductor base layer 
may further be formed so that the laminations of the plu- 
rality of additional compound semiconductor layers ex- 
tend on both side walls and a top surface of the current 
block layer and also extend over the compound semi- 
conductor base layer under the stripe-shaped opening. 

The compound semiconductor region may include 
at least a flat base portion and at least a ridged portion, 
and wherein the current block layer is selectively grown 
both on the flat base portion and on side walls of the 
ridged portion by use of the dielectric stripe masks pro- 
vided on a top portion of the ridged portion. 

Alternatively, the current block layer may comprise 
a single layer having a top surface which is substantially 
the same level as the lop portion of the ridged portion. 

Further alternatively, the current block layer may 
comprise laminations of a plurality of different layers and 
the laminations have a top surface which is substantially 
the same level as the top portion of the ridged portion. 
In this case, the laminations are formed by depositing a 
first jayer having an opposite conductivity type to the 
compound semiconductor region, depositing a second 
layer being laminated on the first layer and having the 
same conductivity type as the compound semiconduc- 
tor region over the first layer, and a third layer being lam- 
inated on the second layer and having the opposite con- 
ductivity type to the compound semiconductor region 
over the second layer. 

The eleventh present invention provides a method 
of forming a current block layer structure in a gallium 
nitride based compound semiconductor laser, compris- 
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ing the steps of providing dielectric stripe masks defining 
at least a stripe-shaped opening on a flat surface of a 
compound semiconductor region having a hexagonal 
crystal structure, selectivety growing at least a ridge- 
shaped current block layer of a compound semiconduc- s 
tor having the hexagonal crystal stnjcture on the surface 
of the compound semiconductor region by use of the 
dielectric stripe masks, and forming at least an addition- 
al compound semiconductor layer of the same conduc- 
tivity type as the compound semiconductor base layer 'O 
so that the additional compound semiconductor layer 
extends on both side walls and a top surface of the cur- 
rent block layer and also extends over the compound 
semiconductor base layer under the stripe-shaped 
opening under the stripe-shaped opening. The current 
block layer may selectively be grown by a metal organic 
chemical vapor deposition method. 

Since the current block layer of a compound semi- 
conductor having a hexagonal crystal structure is selec- 
tivety grown on a compound semiconductor base region 20 
also having the hexagonal crystal structure by use of the 
dielectric stripe masks defining at least a stripe-shaped 
opening, for example, a metal organic chemical vapor 
deposition method, then side walls of the current block 
layer have a good flatness. The selective growth using 25 
the dielectric stripe masks results in the highly flat side 
walls of the current block layer as compared to when a 
dry etching process is used. The selective growth using 
the dielectric stripe masks is superior in size-control la- 
bility as compared to when a dry etching process is 30 
used. The above selective growth using the dielectric 
stripe masks is more simple than the dry etching proc- 
ess. It is essential for the present invention that the com- 
pound semiconductor of the current block layer has the 
hexagonal crystal structure and the compound semi- 3S 
conductor base region also has the hexagonal crystal 
structure and also essential that the current block layer 
is formed by a selective growth using the dielectric stripe 
masks defining the stripe-shaped opening. Namely, it is 
important for the present invention that the current block 40 
layer of the hexagonal crystal structure compound sem- 
iconductor is formed on the hexagonal crystal structure 
compound semiconductor base region by a selective 
growth using the dielectric stripe masks defining a 
stripe-shaped opening such as a metal organic chemi- 
cal vapor deposition method. The current block layer se- 
lectively grown is capable of causing a current confine- 
ment or a current concentration which increases a cur- 
rent density whereby a threshold current is reduced if 
the above current clock structure is applied to a semi- so 
conductor laser. 

The above hexagonal crystal structure may have a 
(OOOI)-face or a face tilted from the (OOOI)-face by an 
angle in the range of 0 degree to 10 degrees. In this 
case, the dielectric stripe masks are set so that the ^5 
stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the [11 -20] direc- 
tion or direction having an included angle to a [11-20] 



direction in the range of -5 degrees to +5 degrees. 

Alternatively, the above hexagonal crystal structure 
may have a (OOOI)-face or a face tilted from a (0001)- 
face by an angle in the range of 0 degree to 1 0 degrees. 
In this case, the dielectric stripe masks are set so that 
the stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the [1-100] di- 
rection or direction having an included angle to a [1 -1 00] 
direction in the range of -5 degrees to +5 degrees. 

The compound semiconductor of the current block 
layer may be of an opposite conductivity type to that of 
the compound semiconductor region. 

The compound semiconductor of the current block 
layer and the compound semiconductor region may be 
gallium nitride based semiconductors or boron nitride 
based semiconductors. 

The compound semiconductor of the current block 
layer may have a highly resistive compound semicon- 
ductor such as an undoped semiconductor. 

The twelfth present invention provides a method of 
forming a current block layer structure in a gallium nitride 
based compound semiconductor laser, comprising the 
steps of forming flat base portions and ridged portions 
of a compound semiconductor region, providing dielec- 
tric stripe masks defining at least a stripe-shaped open- 
ing on the ridged portion of the compound semiconduc- 
tor region having a hexagonal crystal structure, and se- 
lectively growing at least a current block layer of a com- 
pound semiconductor having the hexagonal crystal 
structure both on the flat base portion and on side walls 
of the ridged portion by use of the dielectric stripe 
masks. The current block layer is selectively grown by 
a metal organic chemical vapor deposition method. 

Since the current block layer of a compound semi- 
conductor having a hexagonal crystal structure is selec- 
tively grown on a compound semiconductor base region 
also having the hexagonal crystal structure by use of the 
dielectric stripe masks defining at least a stripe-shaped 
opening, for example, a nhetal organic chemical vapor 
deposition method, then side walls of the current block 
layer have a good flatness. The selective growth using 
the dielectric stripe masks results in the highly flat side 
walls of the current block layer as compared to when a 
dry etching process is used. The selective growth using 
the dielectric stripe masks is superior in size-controlla- 
bility as compared to when a dry etching process is 
used. The above selective growth using the dielectric 
stripe masks is more simple than the dry etching proc- 
ess. It is essential for the present invention that the com- 
pound semiconductor of the current block layer has the 
hexagonal crystal structure and the compound semi- 
conductor base region also has the hexagonal crystal 
structure and also essential that the current block layer 
is formed by a selective growth using the dielectric stripe 
masks defining the stripe-shaped opening. Namely, it is 
important for the present invention that the current block 
layer of the hexagonal crystal structure compound sem- 
iconductor is formed on the hexagorial crystal structure 
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compound semiconductor base region by a selective 
growth using the dielectric stripe masks defining a 
stripe-shaped opening such as a metal organic chemi- 
cal vapor deposition method. The current block layer se- 
lectively grown Is capable of causing a current confine- 
ment or a current concentration which increases a cur- 
rent density whereby a threshold current Is reduced if 
the above current clock structure is applied to a semi- 
conductor laser 

The above hexagonal crystal structure may have a 
(OOOI)-face or a face tilted from the (OOOI)-face by an 
angle in the range of 0 degree to 10 degrees. In this 
case, the dielectric stripe masks are set so that the 
stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the [11-20] direc- 
tion or direction having an included angle to a [11-20] 
direction in the range of -5 degrees to +5 degrees. 

Alternatively, the above hexagonal crystal structure 
may have a (OOOI)-face or a face tilted from a (0001)- 
face by an angle in the range of 0 degree to 10 degrees. 
In this case, the dielectric stripe masks are set so that 
the stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the [1-100] di- 
rection or direction having an included angle to a [1 -1 00] 
direction in the range of -5 degrees to +5 degrees. 

The compound semiconductor of the current block 
layer may be of an opposite conductivity type to that of 
the compound semiconductor region. 

The compound semiconductor of the currerit block 
layer and the compound semiconductor region may be 
gallium nitride based semiconductors or boron nitride 
based semiconductors. 

The compound semiconductor of the current block 
layer may have a highly resistive compound semicon- 
ductor such as an undoped semiconductor. 

The current block layer may comprise a single layer 
having a top surface which is substantially the same lev- 
el as the top portion of the ridged portion. 

The current block layer may also comprise lamina- 
tions of a plurality of different layers and the laminations 
have a top surface which is substantially the same level 
as the top portion of the ridged portion. In this case, the 
laminations may be formed by depositing a first layer 
having an opposite conductivity type to the compound 
semiconductor region, depositing a second layer being 
laminated on the first layer and having the same con- 
ductivity type as the compound semiconductor region 
over the first layer, and a third layer being laminated on 
the second layer and having the opposite conductivity 
type to the compound semiconductor region over the 
second layer. 

The thirteenth present invention provides a method 
of forming a current confinement structure in a gallium 
nitride based compound semiconductor laser, compris- 
ing the steps of providing dielectric stripe masks defining 
at least a stripe-shaped opening on a flat surface of a 
compound semiconductor region having a hexagonal 
crystal structure, and selectively growing a compound 



semiconductor ridge-shaped layer of a hexagonal crys- 
tal structure in the stripe-shaped opening over the com- 
pound semiconductor base layer as well as over parts 
of the dielectric stripe masks. The compound semicon- 
5 ductor ridge-shaped layer may selectively b© grown by 
a metal organic chemical vapor deposition method. 

Since the current block layer of a compound semi- 
conductor having a hexagonal crystal structure is selec- 
tively grown on a compound semiconductor base region 

10 also having the hexagonal crystal structure by use of the 
dielectric stripe masks defining at least a stripe-shaped 
opening, for example, a metal organic chemical vapor 
deposition method, then side walls of the compound 
semiconductor ridge-shaped layer have a good flai- 
rs ness. The selective growth using the dielectric stripe 
masks results In the highly flat side walls of the com- 
pound semiconductor ridge-shaped layer as compared 
to when a dry etching process is used. The selective 
growth using the dielectric stripe masks is superior in 

20 size-controllability as compared to when a dry etching 
process is used. The above selective growth using the 
dielectric stripe masks is more simple than the dry etch- 
ing process. It is essential for the present invention that 
the compound semiconductor of the compound semi- 

25 conductor ridge-shaped layer has the hexagonal crystal 
structure and the compound semiconductor base region 
also has the hexagonal crystal structure and also es- 
sential that the compound semiconductor ridge-shaped 
layer is formed by a selective growth using the dielectric 

30 stripe masks defining the stripe-shaped opening. Name- 
ly, it is important for the present invention that the com- 
pound semiconductor ridge-shaped layer of the hexag- 
onal crystal structure compound semiconductor is 
formed on the hexagonal crystal structure compound 

35 semiconductor base region by a selective growth using 
the dielectric stripe masks defining a stripe-shaped 
opening such as a metal organic chemical vapor depo- 
sition method. The compound semiconductor ridge- 
shaped layer selectively grown is capable of causing a 

40 current confinement or a current concentration which in- 
creases a current density whereby a threshold current 
is reduced if the above current clock structure is applied 
to a semiconductor laser. 

The above hexagonal crystal structure may have a 

45 (OOOI)-face or a face tilted from the (0001 )-f ace by an 
angle in the range of 0 degree to 10 degrees. In this 
case, the dielectric stripe masks are set so that the 
stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the ( 1 1 -20] direc- 

50 tlon or direction having an included angle to a [11-20] 
direction in the range of -5 degrees to +S degrees. 

Alternatively, the above hexagonal crystal structure 
may have a (OOOI)-face or a face tilted from a (0001)- 
face by an angle In the range of 0 degree to 1 0 degrees. 

55 In this case, the dielectric stripe masks are set so that 
the stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the [1-100] di- 
rection or direction having an included angle to a [1 -1 00] 
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direction in the range of -5 degrees to +5 degrees. 

The connpound semiconductor region and the com- 
pound semiconductor ridge-shaped layer may be made 
of one selected from the group consisting of gallium ni- 
tride based semiconductors and boron nitride based 
semiconductors. 

FIRST EMBODIMENT: 

A first embodiment according to the present inven- 
tion will be described with reference to FIGS. 3 and 4. 
FIG. 3 is a fragmentary cross sectional elevation view 
illustrative of a novel gallium nitride based compound 
semiconductor laser having a current block layer struc- 
ture for a current confinement in a first embodiment ac- 
cording to the present invention. FIG. 4 is a fragmentary 
cross sectional elevation view illustrative of a novel gal- 
lium nitride based compound semiconductor laser in a 
selective growth process by a metal organic chemical 
vapor deposition method involved In a fabrication meth- 
od thereof. 

The novel gallium nitride based compound semi- 
conductor laser is formed on a (OOOI)-face sapphire 
substrate 101 . All of compound semiconductor layers in 
the novel gallium nitride based compound semiconduc- 
tor laser have hexagonal crystal structures. The struc- 
ture of the novel gallium nitride based compound sem- 
iconductor laser is as follows. A 300A-thick undoped 
GaN buffer layer 102 is provided on a (OOOI)-face sap- 
phire substrate 101. 

The 300A-thick undoped GaN buffer layer 102 has 
a hexagonal crystal structure. A 3 p. m-thick n-type GaN 
contact layer 103 doped with Si is provided on an entire 
surface of the 300A-thjck undoped GaN buffer layer 
102. The 3 |i m-thick n-type GaN contact layer 103 has 
a hexagonal crystal structure. The 3 ]i m-thick n-type 
GaN contact layer 103 has a ridged portion and recess 
portions. A top surface of the ridged portion of the 3 p 
m-thick n-type GaN contact layer 103 is a flat surface. 
Upper surfaces of the recess portions of the 3 jj. m-thick 
n-type GaN contact layer 1 03 are also flat surfaces. Fur- 
ther, 0.5 \i m-thIck p-type GaN current block layers 114 
doped with Mg are selectively provided on the top flat 
surface of the ridged portion of the 3 p. m-thick n-type 
GaN contact layer 103. The 0.5 p m-thick p-type GaN 
current block layers 1 1 4 also have the hexagonal crystal 
structure. As will be described later, the 0.5 p m-thick p- 
type GaN current block layers 114 are formed by a se- 
lective growth of a metal organic chemical vapor depo- 
sition method using dielectric stripe masks, for which 
reason the 0.5 p m-thick p-type GaN current block layers 
114 have highly flat and sloped inside walls. It is impor- 
tant that the 0.5 p m-thick p-type GaN current block lay- 
ers 114 having the hexagonal crystal structure are se- 
lectively grown by the metal organic chemical vapor 
depositbn method using dielectric stripe masks on the 
3 p m-thick n-type GaN contact layer 103 having the 
hexagonal crystal structure. This results in the formation 



ot the highly flat and sloped inside walls of the 0.5 p nv 
thick p-type GaN current block layers 114. The highly 
fiat and sloped inside walls of the 0.5 p. m-thick p-type 
GaN current block layers 114 cause current confine- 
5 ment as will be described later A 0.1 p m-thick n-type 
GaN cladding layer 115 doped with Si is then provided 
which extends on the top and flat surfaces and the 
above highly flat sloped inside walls of the 0,5 p m-thick 
p-type GaN current block layers 114 as well as on an 
10 uncovered part of a top surface of the 3 p m-thick n-type 
GaN contact layer 103. The 0.1 p m-thick n-type GaN 
cladding layer 115 has the hexagonal crystal structure. 
A 0.4 p m-thick n-type Ato.oyGacgaN cladding layer 105 
doped with Si is provided on the 0.1 p m-thick n-type 
15 GaN cladding layer 115. The 0.411 m-thick n-type 
Alo.07Gao.93N cladding layer 105 has the hexagonal 
crystal structure. A 0.1 p m-thick n-type GaN optical 
guide layer 106 doped with Si is provided on the 0.4 p 
m-thIck n-type Alo.oyGao 93N cladding layer 1 05. The 0. 1 

20 ji m-thick n-type GaN optical guide layer 106 has the 
hexagonal crystal structure. A multiple quantum well ac- 
tive layer 107 is provided on the 0,1 p m-thick n-type 
GaN optical guide layer 106. The multiple quantum well 
active layer 107 comprises 7 periods of alternating 25A- 

25 thick undoped ln0.2Ga0.8N quantum well layers and 
50A-thick undoped Ino os^ao 95N barrier layers. The 25 
A -thick undoped lno,2Gao.sN quantum well layers have 
the hexagonal crystal structure. The 50A-thick undoped 
•"o.osGao.gsN barrier layers have the hexagonal crystal 

30 structure. A 200A-thlck p-type Alo.2Gao.8N layer 108 
doped with Mg is provided on the multiple quantum well 
active layer 107. The 200A-thick p-type Alo.2Gao.8N lay- 
er 108 has the hexagonal crystal structure. A 0.1 p m- 
thick p-type GaN optical guide layer 109 doped with Mg 

3S is provided on the 200A-thlck p-type AI0.2Gao.BN layer 
108. The 0.1 p m-thick p-type GaN optical guide layer ' 
109 has the hexagonal crystal structure. A 0.4 p. m-thick 
p-type Alo.07Gao.93N cladding layer 110 doped with Mg 
is provided on the 0. 1 p m-thick p-type GaN optical guide 

40 layer 1 09. The 0,4 p m-thick p-type Alo.07Gao.93N clad- 
ding layer 110 has the hexagonal crystal structure. 
There are differences in level of the 0,1 p m-thick n-type 
GaN cladding layer 115, the 0.4 p m-thick n-type 
Ato.07Gao.93N cladding layer 105, the 0.1 p m-thick n- 

45 type GaN optical guide layer 106, the multiple quantum 
well active layer 107, the 200A-thick p-type Alo.2Gao.8N 
layer 108, the 0,1 p m-thIck p-type GaN optical guide 
layer 109 and the 0.4 p m-thick p-type AIo,o7Gao.93N 
cladding layer 110. A 0.2 p m-thick p-type GaN contact 

50 layer 1 1 1 doped with Mg is provided on the 0,4 p. m-thick 
p-type Alo.07Gao.93N cladding layer 110. A top surface 
of the 0.2 p m-thIck p-type GaN contact layer 111 is flat. 
The 0,2 p m-thick p-type GaN contact layer 1 1 1 has the 
hexagonal crystal structure. A p-electrode 1 1 2 is provid- 
es ed on the top flat surface of the 0,2 p m-thick p-type GaN 
contact layer 111. The p-electrode 112comprisesanick- 
el layer laminated on the top flat surface of the 0.2 p nrv 
thick p-type GaN contact layer 111 and a gold layer lam- 
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inated on the nickel layer. An n-electrode 11 3 is provided 
on the recessed surface of the 3 \x m-thick n-type GaN 
contact layer 103. The n-electrode 113 comprises a ti- 
tanium layer laminated on the 3 ^ m -thick n-type GaN 
contact layer 103 and an aluminum layer laminated on 5 
the titanium layer. 

As described above, since the 0.5 m-thick p-type 
GaN current block layers 114 have an opposite conduc- 
tivity type to that of the 3 \i m-thick n-type GaN contact 
layer 103 and the 0.1 m-thick n-type GaN cladding io 
layer 115 as well as the 0,4 m-thick n-type 
Alo.oyGao ggN cladding layer 105, then the 0.5 m-thick 
p-type GaN current block layers 114 are capable of 
blocking or guiding a current for current confinement. 
This current confinement allows a reduction in threshold is 
current of the laser diode. 

The above laser diode is formed as follows. The 
300A-thick undoped GaN buffer layer 102 is grown by 
a metal organic chemical vapor deposition method at a 
low temperature on the flat (OOOI)-face sapphire sub- 2o 
strata 101 so that the 300A-thick undoped GaN buffer 
layer 102 has a hexagonal crystal structure. The 3fi m- 
thick n-type GaN contact layer 103 doped with Si is 
grown by a metal organic chemical vapor deposition 
method on an entire surface of the 300A-thick undoped 25 
GaN buffer layer 1 02 so that the 3 |j. m-thick n-type GaN 
contact layer 103 has a hexagonal crystal structure. Sil- 
icon oxide stripe masks 21 5 having a width of 1 microm- 
eter are arranged in a [11-20] direction of the hexagonal 
crystal structure of the 3 yi m-thIck n-type GaN contact 30 
layer 103. The silicon oxide stripe masks 215 define 
stripe-shaped openings. The 0.5 ^ m-thick p-type GaN 
current block layers 114 doped with Mg are selectively 
grown on the top flat surface of the ridged portion of the 
3 \i m-thick n-type GaN contact layer 103 by the metal 35 
organic chemical vapor deposition method using the sil- 
icon oxide stripe masks 215. Namely, the 0.5 p m-thick 
p-type GaN current block layers 114 are selectively 
grown only on the stripe-shaped openings defined by 
silicon oxide stripe masks 215. The 0.5 \i m-thick p-type 40 
GaN current block layers 114 also have the hexagonal 
crystal structure. Since the 0,5 |j. m-thick p-type GaN 
current block layers 1 1 4 are grown by a selective growth 
of the metal organic chemical vapor deposition method 
using dielectric stripe masks, the 0.5 ^ m-thick p-type 4s 
GaN current block layers 1 1 4 have highly flat and sloped 
inside walls. It is important that the 0.5 ^ m-thick p-type 
GaN current block layers 114 having the hexagonal 
crystal structure are selectively grown by the metal or- 
ganic chemical vapor deposition method using dielectric 5a 
stripe masks on the 3 \i m-thick n-type GaN contact layer 
103 having the hexagonal crystal structure. This results 
in the formation of the highly flat and sloped inside wails 
of the 0.5 ]i m-thick p-type GaN current block layers 114. 
The highly flat and sloped inside walls of the 0.5 p. m- 55 
thick p-type GaN current block layers 114 cause current 
confinement. The used silicon oxide stripe masks 215 
are removed by a florin acid solution. The 0.1 p m-thick 



n-type GaN cladding layer 115 doped with Si is then 
grown by the metal organic chemical vapor deposition 
so that the 0.1 p. m-thick n-type GaN cladding layer 115 
extends on the top and flat surfaces and the above high- 
ly flat sloped inside walls of the 0.5 p m-thick p-type GaN. 
current block layers 11 4 as well as on an uncovered part 
of a top surface of the 3 p m-thick n-lype GaN contact 
layer 103. The 0.1 p m-thick n-type GaN cladding layer 
115 also has the hexagonal crystal structure. The 0.4 p. 
m-thick n-type AI0.07Gao.93N cladding layer 105 doped 
with Si is grown by the metal organic chemical vapor 
deposition on the 0.1 p m-thick n-type GaN cladding lay- 
er 115 so that the 0,4 p m-thick n-type Alo.orGao.gaN 
cladding layer 105 has the hexagonal crystal structure. 
The 0.1 p m-thick n-type GaN optical guide layer 106 
doped with Si is grown by the metal organic chemical 
vapor deposition on the 0.4 p m-thick n-type 
Alo.07Gao.93N cladding layer 105 so that the 0.1 p. m- 
thick n-type GaN optical guide layer 1 06 has the hexag- 
onal crystal structure. The multiple quantum well active 
layer 107 is grown by the metal organic chenhical vapor 
deposition on the 0. 1 p m-thick n-type GaN optical guide 
layer 106, wherein the multiple quantum well active lay- 
er 107 comprises 7 periods of alternating 25A-thick un- 
doped lno.2Gao.8N quantum well layers and 50A-thick 
undoped lno.05Gao.95N barrier layers. The 25A-thick un- 
doped lno.2Gao sN quantum well layers and the 50A 
-thick undoped lnO.05GaO.95N barrier layers have the 
hexagonal crystal structure. The 200A-thick p-type 
Alo.2Gao.8N layer 108 doped with Mg is grown by the 
metal organic chemical vapor deposition on the multiple 
quantum well active layer 107 so that the 200A-thick p- 
type Alo^Gao.sN layer 108 has the hexagonal crystal 
structure. The 200A-thick p-type Alo ^Gao.sN layer 108 
is capable of preventing dissociation of indium from the 
multiple quantum well active layer 107. The 0.1 p m- 
thick p-type GaN optical guide layer 109 doped with Mg 
is grown by the metal organic chemical vapor deposition 
on the 200 A -thick p-type Alo.2Gao.8N layer 1 08 so that 
the 0.1 p m-thick p-type GaN optical guide layer 109 has 
the hexagonal crystal structure. The 0.4p m-thick p-type 
Alo.o/GaQ gQN cladding layer 110 doped with Mg is 
grown by the metal organic chemical vapor deposition 
on the 0.1 p m-thick p-type GaN optical guide layer 109 
so that the 0,4 p m-thick p-type Alo.oyGaosaN cladding 
layer 110 has the hexagonal crystal structure. The 0.2 
p m-thick p-type GaN contact layer 111 doped with Mg 
is grown by the metal organic chemical vapor deposition 
on the 0.4 p m-thick p-lype Alo.07Gao.93N cladding layer 

110 so that the 0.2 p m-thick p-type GaN contact layer 

1 1 1 has the hexagonal crystal structure. The nickel layer 
is formed on the top flat surface of the 0.2 p m-thick p- 
type GaN contact layer 111 and a gold layer is then 
formed on the nickel layer thereby forming the p-elec- 
trode 112. A titanium layer is formed on the 3 p m-thick 
n-type GaN contact layer 103 and an aluminum layer is 
then formed on the titanium layer 

Since the 0.5 p m-thick p-type GaN current block 
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layers 114 have an opposite conductivity type to that of 
the 3 p. m-thick n-type GaN contact layer 103 and the 
0,1 |i m-thick n-type GaN cladding layer 115 as well as 
the 0.4 nn-thick n-type AI0.07Gao.93N cladding layer 
105. then the 0.5 n m-thick p-typa GaN current block 5 
layers 114 are capable of blocking or guiding a current 
for current confinement. This current confinement al- 
lows a reduction in threshold current of the laser diode. 

Since, further, the p-electrode 1 1 2 has a large con- 
tact area with the 0.2 ^ m-thick p-type GaN contact layer 10 
111, a contact resistance between the p-electrode 112 
and the 0.2 |i m-thick p-type GaN contact layer 111 is 
small. 

Furthermore, the above current confinement struc- 
ture can be formed without use of the dry etching proc- ^5 
ess. 

Moreover, there are the differences in level of the 
0.1 ^ m-thIck n-type GaN cladding layer 115, the 0.4 ^ 
m-thick n-type AIo.07Gao.g3N cladding layer 105, the 0.1 
p. m-thick n-type GaN optical guide layer 106, the mul- 20 
tiple quantum well active layer 107, the 200A-thick p- 
type Alo.2Gao.8N layer 108, the 0.1 \x m-thick p-type GaN 
optical guide layer 109 and the 0.411 m-thick p-type 
AIo.o7G^.g3N cladding layer 110. This configuration 
forms that the cladding layers are positioned at the right 25 
and left sides of the active layer so that an optical control 
in the transverse mode can be made. 

Since the gallium nitride based compound semicon- 
ductor layers having the hexagonal crystal structure are 
selectively formed on the (OOOI)-face of the gallium ni- 30 
tride layer, then the gallium nitride based compound 
semiconductor layers are almost not grown in the 
[1-100] direction. 

Namely, the p-type gallium nitride current block lay- 
ers 114 having the hexagonal structure are selectively 3S 
grown on the (OOOI)-face of the n-type gallium nitride 
layer 103 having the hexagonal crystal structure by use 
of the dielectric stripe masks arranged in a longitudinal 
direction along the [11-20] direction so that no extending 
portion over the dielectric stripe masks is formed. 40 

In the above gallium nitride based compound sem- 
iconductor laser diode, an optical waveguide is formed 
in a direction along the [11-20] direction of the crystal 
structure. It is difficult to cleave the semiconductor wafer 
in the [1 1 -20] direction. This means it difficult to form the 
reflective faces of resonator in the laser diode by the 
cleaving method. For this reason, it is necessary to form 
the reflective faces of resonator in the laser diode by 
other method such as dry etching. 

As a modification, the optical waveguide may be so 
formed in a direction tilted from the [11-20] direction of 
the crystal structure by an angle in the range of±5 de- 
grees. Even if the optical waveguide is formed In a di- 
rection tilted from the (11-20) direction of the crystal 
structure by an angle over the range of±5 degrees, then 55 
there is no problem unless the semiconductor layer is 
allowed to be selectively grown in the [11-20] direction. 
In the later case, however, it is necessary that the die- 



lectric strip masks are almost the same in thickness as 
the current block layers. 

Whereas in the above embodiment the semicon- 
ductor layers having the hexagonal crystal structure are 
grown on the (0001 )-face of the sapphire substrate, it is 
also possible to grow the semiconductor layers having 
the hexagonal crystal structure on the (11-20)-face of 
the sapphire substrate. 

Further, in place of the (OOOI)-face sapphire sub- 
strate and the (11-20)-face sapphire substrate, silicon 
oxide substrates with the {0001 yiace or the (1 1 -20)-face 
are available. Furthermore, MgAl204 substrates with 
the (0001 )-f ace or the (11-20)-face are also available. 
Gallium nitride substrates with the (OOOI)-face or the 
(1 1 -20)-face are still further available. The sapphire sub- 
strate, silicon oxide substrate, MgAl204 substrata, and 
gallium nitride substrate having other faces than the 
(OOOl)-face or the (11-20)-face are also available. 

The above present invention can be applied not on- 
ly to the gallium nitride based laser diode as illustrated 
in the drawings but also other gallium nitride based laser 
diodes which are different in thickness of layer, compo- 
sition of layer, doping concentration of layer, material of 
electrode, martial of dielectric stripe masks, depth of dry 
etch ing, and width of stripe of the dielectric stripe masks. 

Although in the above embodiment, the individual 
semiconductor layers have surfaces of the (OOOI)-face, 
the surfaces of the individual semiconductor layers may 
be tilted from the (OOOI)-face by an angle in the range 
of ±5 degrees. 

SECOND EMBODIMENT 

A second embodiment according to the present in- 
vention will be described with reference to FIGS. 5 and 
6. FIG. 5 is a fragmentary cross sectional elevation view 
illustrative of a novel gallium nitride based compound 
semiconductor laser having a current block layer struc- 
ture for a current confinement in a second embodiment 
according to the present invention. FIG. 6 is a fragmen- 
tary cross sectional elevation view illustrative of a novel 
gallium nitride based compound semiconductor laser in 
a selective growth process by a metal organic chemical 
vapor deposition method involved in a fabrication meth- 
od thereof. 

The novel gallium nitride based compound semi- 
conductor laser is formed on a (0001 )-f ace sapphire 
substrate 101 . All of compound semiconductor layers in 
the novel gallium nitride based compound semiconduc- 
tor laser have hexagonal crystal structures. The struc- 
ture of the novel gallium nitride based compound sem- 
iconductor laser is as follows. A 300A-thick undoped 
GaN buffer layer 102 is provided on a (0001 )-face sap- 
phire substrate 101. The SOOA-thick undoped GaN buff- 
er layer 1 02 has a hexagonal crystal structure. A 3 p. m- 
thick n-type GaN contact layer 103 doped with Si is pro- 
vided on an entire surface of the 300A-thick undoped 
GaN buffer layer 102. The 3 ji m-thick n-type GaN con- 
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tact tayer 103 has a hexagonal crystal structure. The 3 
m-thick n-type GaN contact layer 103 has a ridged 
portion and recess portions. A top surface of the ridged 
portion of the 3 m-thick n-type GaN contact layer 103 
is a flat surface. Upper surfaces of the recess portions s 
of the 3 II m-thick n-type GaN contact layer 103 are also 
flat surfaces. Further. 0.5 ji, m-thick p-type GaN current 
block layers 114 doped with Mg are selectively provided 
on the top flat surface of the ridged portion of the 3 ^ m- 
thlck n-type GaN contact layer 103. The 0.5 m-thick 
p-type GaN current block layers 114 also have the hex- 
agonal crystal structure. As will be described later, the 
0.5 p. m-thick p-type GaN current block layers 114 are 
formed by a selective growth of a metal organic chemi- 
cal vapor deposition method using dielectric stripe '5 
masks, for which reason the 0.5 p m-thick p-type GaN 
current block layers 114 have highly flat and sloped in- 
side walls. It is important that the 0.5 m-thick p-type 
GaN current block layers 114 having the hexagonal 
crystal structure are selectively grown by the metal or- 20 
ganic chemical vapor deposition method using dielectric 
stripe masks on the 3 ^ m-thick n-type GaN contact layer 
103 having the hexagonal crystal structure. This results 
in the formation of the highly flat and sloped inside walls 
of the 0.5 n m-thick p-type GaN current block layers 114. 25 
The highly flat and sloped inside walls of the 0.5 yi m- 
thick p-type GaN current block layers 114 cause current 
confinement as will be described later A 0.5 p. m-thick 
n-type GaN cladding layer 115 doped with Si is then se- 
lectively provided which extends on the above highly flat 30 
sloped inside walls of the 0.5 i-i m-thick p-type GaN cur- 
rent block layers 1 1 4 as well as on an uncovered part of 
a top surface of the 3 p m-thick n-type GaN contact layer 
103 whilst the 0.5 p m-thick n-type GaN cladding layer 
115 does not extend over the top surfaces of the 0.5 p 3S 
m-thick p-type GaN current block layers 114 so that the 
top surface of the 0.5 p m-thick n-type GaN cladding 
layer 115 has the same level as the top surfaces of the 
0.5 p m-thick p-type GaN current block layers 114, 
whereby a fiat top surface is formed. The 0.5 p m-thick ^0 
n-type GaN cladding layer 115 has the hexagonal crys- 
tal structure. A 0.4 p m-thick n-type AIq QyGaiQ ggN clad- 
ding layer 105 doped with Si is provided on the flat and 
leveled top surfaces of theO.5 p m-thick n-type GaN 
cladding layer 1 1 5 and the 0.5 p m-thick p-type GaN cur- 
rent block layers 114. The 0.4 p m-thick n-type 
AIq o/GaQ gjN cladding layer 105 is flat layer or has no 
difference in level. The 0.4 p m-thick n-type 
Alo.oyGao.ga'^ cladding layer 105 has the hexagonal 
crystal structure. A 0.1 p m-thick n-type GaN optical 5o 
guide layer 106 doped with Si is provided on the 0.4 p 
m-thick n-type Alo.oTGao.gaN cladding layer 1 05. The 0. 1 
p m-thick n-type GaN optical guide layer 106 has the 
hexagonal crystal structure. A multiple quantum well ac- 
tive layer 107 is provided on the 0.1 p m-thick n-type 55 
GaN optical guide layer 106. The multiple quantum well 
active layer 107 comprises 7 periods of alternating 25A- 
thick undoped Ino.aG^.aN quantum well layers and 



5pA-thick undoped InoosGao.ssN barrier layers. The 
25A-thick undoped Ino^Gao gN quantum well layers 
have the hexagonal crystal structure. The 50A-thick un- 
doped lno.05Gao.95N barrier layers have the hexagonal 
crystal structure. A 200A-thick p-type Alo^GaQ.sN layer 

108 doped with Mg Is provided on the multiple quantum 
well active layer 107. The 200A-thick p-type Alo^Gao.gN 
layer 108 has the hexagonal crystal structure. A 0.1 p. 
m-thick p-type GaN optical guide layer 109 doped with 
Mg is provided on the 200A-thick p-type Alo^aGao^N lay- 
er 1 08. The 0. 1 p m-thick p-type GaN optical guide layer 

1 09 has the hexagonal crystal structure. A 0.4 m-thick 
p-type AI0.07Gao.93N cladding layer 110 doped with Mg 
is provided on the 0. 1 p m-thick p-type GaN optical guide 
layer 109. The 0.4 p m-thick p-type AI0.07Gao.93N clad- 
ding layer 110 has the hexagonal crystal structure. 
There are no differences in level of the 0.4 p m-thick n- 
type Alo.07Gao.93N cladding layer 105, the 0.1 p. m-thick 
n-type GaN optical guide layer 106, the multiple quan- 
tum well active layer 107, the 200 A -thick p-type 
Alo.2Gao.8N layer 108, the 0.1 p m-thick p-type GaN op- 
tical guide layer 109 and the 0.4 p m-thick p-type 
Alo oyGao gsN cladding layer 110. A 0.2 p m-thick p-type 
GaN contact layer.111 doped with Mg is provided on the 
0.4 p m-thick p-type Alo.07Gao.g3N cladding layer 110. A 
top surface of the 0.2 p m-thick p-type GaN contact layer 
111 is flat The 0.2 p m-thick p-type GaN contact layer 

111 has the hexagonal crystal structure, A p-electrode 

112 is provided on the top flat surface of the 0.2 p m- 
thick p-type GaN contact layer 111. The p-electrode 112 
comprises a nickel layer laminated on the top flat sur- 
face of the 0.2 p m-thick p-type GaN contact layer 111 
and a gold layer laminated on the nickel layer. An n-elec- 
trode 113 is provided on the recessed surface of the 3 
p m-thick n-type GaN contact layer 103. The n-electrode 

1 1 3 comprises a titanium layer laminated on the 3 p m- 
thick n-type GaN contact layer 103 and an aluminum 
layer laminated on the titanium layer. 

As described above, since the 0.5 p m-thick p-type 
GaN current block layers 114 have an opposite conduc- 
tivity type to that of the 3 p m-thick n-type GaN contact 
layer 103 and the 0.5 p m-thick n-type GaN cladding 
layer 115 as well as the 0.4 p m-thick n-type 
Alo.07Gao.g3N cladding layer 105. then the 0.5 \i m-thick 
p-type GaN current block layers 114 are capable of 
blocking or guiding a current for current confinement. 
This current confinement allows a reduction in threshold 
current of the laser diode. 

The above laser diode is formed as follows. The 
300A-thick undoped GaN buffer layer 102 is grown by 
a metal organic chemical vapor deposition method at a 
low temperature on the flat (OOOI)-face sapphire sub- 
strate 101 so that the 300A -thick undoped GaN buffer 
layer 102 has a hexagonal crystal structure. The 3 pm- 
thick n-type GaN contact layer 103 doped with Si is 
grown by a metal organic chemical vapor deposition 
method on an entire surface of the 300A-thick undoped 
GaN buffer layer 102 so that the 3 p m-thick n-type GaN 
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contact layer 103 has a hexagonal crystal stmcture. Sil- 
icon oxide stripe masks 21 5 having a wicfth of 1 microm- 
eter are arranged in a [11-20] direction of the hexagonal 
crystal structure of the 3 \i m-thick n-type GaN contact 
layer 103. The silicon oxide stripe masks 215 define s 
stripe-shaped openings. The 0,5 ^ m-thick p-type GaN 
current block layers 114 doped with Mg are selectively 
grown on the top flat surface of the ridged portion of the 
3 |i m-thick n-type GaN contact layer 103 by the metal 
organic chemical vapor deposition method using the sil- io 
icon oxide stripe masks 215. Namely, the 0.5 p. m-thick 
p-type GaN current block layers 114 are selectively 
grown only on the stripe-shaped openings defined by 
silicon oxide stripe masks 215. The 0.5(1 m-thick p-lype 
GaN current block layers 114 also have the hexagonal '5 
crystal structure. Since the 0.5 [i m-thick p-type GaN 
current block layers 1 1 4 are grown by a selective growth 
of the metal organic chemical vapor deposition method 
using dielectric stripe masks, the 0.5 p. m-thick p-type 
GaN current block layers 1 1 4 have highly flat and sloped 20 
inside walls. It is important that the 0.5 m-thick p-type 
GaN current block layers 114 having the hexagonal 
crystal structure are selectively grown by the metal or- 
ganic chemical vapor deposition method using dielectric 
stripe masks on the 3 |a m-thick n-type GaN contact layer 25 
103 having the hexagonal crystal structure. This results 
in the formation of the highly flat and sloped inside walls 
of the 0.5 ji m-thick p-type GaN current block layers 1 1 4. 
The highly flat and sloped inside walls of the 0;5 p. m- 
thick p-type GaN current block layers 1 1 4 cause current 
confinement. The used silicon oxide stripe masks 215 
are removed by a florin acid solution. Other silicon oxide 
stripe masks not illustrated are then provided on the top 
surfaces of the 0.5 p m-thick p-type GaN current block 
layers 114. The 0.1 |a m-thick n-type GaN cladding layer 35 
115 doped with Si is then grown by the metal organic 
chemical vapor deposition using the other silicon oxide 
stripe masks so that the 0.5 p. m-thick n-type GaN clad- 
ding layer 115 extends on the above highly flat sloped 
inside walls of the 0.5 p m-thick p-type GaN current -^o 
block layers 114 as well as on an uncovered part of a 
top surface of the 3 p m-thick n-type GaN contact layer 
103. However, the 0.5 p m-thick n-type GaN cladding 
layer 115 does not extend over the top surfaces of the 
0.5 p m-thick p-type GaN current block layers 114. 
Namely, the top surface of theO.5 p m-thick n-type GaN 
cladding layer 115 has the same level as the top surfac- 
es of the 0.5 p m-thick p-type GaN current block layers 
114. The 0.5 p m-thick n-type GaN cladding layer 115 
also has the hexagonal crystal structure. The used other so 
silicon oxide stripe masks are removed. The 0.4 p m- 
thick n-type AIq o/Ga^ gsN cladding layer 1 05 doped with 
Si is grown by the metal organic chemical vapor depo- 
sition on the 0.1 p m-thick n-type GaN cladding layer 
1 1 5 so that the 0,4 p m-thick n-type AI0.07Gao.93N ^^d- s$ 
ding layer 105 has the hexagonal crystal structure. The 
0.1 p m-thick n-type GaN optical guide layer 106 doped 
with Si is grown by the metal organic chemical vapor 



deposition on the 0.4 p m-thick n-type AI0.07Gao.93N 
cladding layer 105 so that the 0.1 ji m-thick n-type GaN 
optical guide layer 106 has the hexagonal crystal struc- 
ture. The multiple quantum well active layer 107 is 
grown by the metal organic chemical vapor deposition 
on the 0. 1 p m-thick n-type GaN optical guide layer 1 06. 
wherein the multiple quantum well active layer 107 com- 
prises 7 periods of alternating 25A-thick undoped 
lno.2Gao,aN quantum well layers and 50A -thick un- 
doped ln0.05Ga0.95N barrier layers. The 25A-thick un- 
doped lno.2Gao.8N quantum well layers and the 50 A 
-thick undoped Ino 05Gao 95N barrier layers have the 
hexagonal crystal structure. The 200 A-thick p-type 
AIo.2Gao.8N layer 108 doped with Mg is grown by the 
metal organic chemical vapor deposition on the multiple 
quantum well active layer 107 so that the 200A-thick p- 
type AI0.2Gao.8N layer 108 has the hexagonal crystal 
structure. The 200A-thick p-type Alo.2Gao.8N layer 108 
is capable of preventing dissociation of indium from the 
multiple quantum well active layer 107. The 0.1 p m- 
thick p-type GaN optical guide layer 109 doped with Mg 
is grown by the metal organic chemical vapor deposition 
on the 200A-thick p-type AIq gGag gN layer 1 08 so that 
the 0.1 pm-thick p-type GaN optical guide layer 109 has 
the hexagonal crystal structure. The 0,4 m-thick p-type 
AI0.07Gao.93N cladding layer 110 doped with Mg is 
grown by the metal organic chemical vapor deposition 
on the 0.1 p m-thick p-type GaN optical guide layer 109 
so that the 0,4 p m-thick p-type AIq oyGao.gaN cladding 
layer 110 has the hexagonal crystal structure. The 0.2 
p m-thick p-type GaN contact layer 111 doped with Mg 
is grown by the metal organic chemical vapor deposition 
on the 0.4 pm-thick p-type Alo.o7Gao,93N cladding layer 

110 so that the 0.2 p m-thick p-type GaN contact layer 

1 1 1 has the hexagonal crystal structure. The nickel layer 
is formed on the top flat surface of the 0.2 p. m-thick p- 
type GaN contact layer 111 and a gold layer is then 
formed on the nickel layer thereby forming the p-elec- 
trode 112. A titanium layer is formed on the 3 pm-thick 
n-type GaN contact layer 103 and an aluminum layer is 
then formed on the titanium layer. 

Since the 0.5 p m-thick p-type GaN current block 
layers 114 have an opposite conductivity type to that of 
the 3 p m-thick n-type GaN contact layer 1 03 and the 
0.5 p m-thick n-type GaN cladding layer 1 15 as well as 
the 0.4 p m-thick n-type Alo.07Gao.93N cladding layer 
105, then the 0.5 p m-thick p-type GaN current block 
layers 114 are capable of blocking or guiding a current 
for current confinement. This current confinement al- 
lows a reduction in threshold current of the laser diode. 

Since, further, the p-electrode 112 has a large con- 
tact area with the 0.2 pm-thick Prtype GaN contact layer 
111, a contact resistance between the p-electrode 112 
and the 0.2 p m-thick p-type GaN contact layer 111 is 
small. 

Furthermore, the above current confinement struc- 
ture can be formed without use of the dry etching proc- 
ess. 
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Moreover, the multiple quantum well active layer 
1 07 is formed on the flat surface. This results in no pos- 
sibility of compositional modification or no variation in 
composition over position of the active layer. 

Since the gallium nitride based compound semicon- 5 
ductor layers having the hexagonal crystal structure are 
selectively formed on the (OOOI)-face of the gallium ni- 
tride layer, then the gallium nitride based compound 
semiconductor layers are almost not grown in the 
[1-100] direction. io 

Namely, the p-type gallium nitride current block lay- 
ers 114 having the hexagonal structure are selectively 
grown on the (OOOI)-face of the n-type gallium nitride 
layer 103 having the hexagonal crystal structure by use 
of the dielectric stripe masks arranged in a longitudinal '5 
direction along the [ 1 1 -20] direction so that no extending 
portion over the dielectric stripe masks is formed. 

In the above gallium nitride based compound sem- 
iconductor laser diode, an optical waveguide is formed 
in a direction along the [11-20] direction of the crystal 20 
structure. It is difficull to cleave the semiconductor wafer 
in the [1 1 -20] direction. This means it difficult to form the 
reflective faces of resonator in the laser diode by the 
cleaving method. For this reason, it is necessary to form 
the reflective faces of resonator in the laser diode by 2S 
other method such as dry etching. 

As a modification, the optical waveguide may be 
formed in a direction tilted from the [11-20] direction of 
the crystal structure by an angle in the range dttS de- 
grees. Even if the optical waveguide is formed in a di- 30 
rection tilted frorti the [11-20] direction of the crystal 
structure by an angle over the range of±5 degrees, then 
there is no problem unless the semiconductor layer is 
allowed to be selectively grown in the [11-20] direction. 
In the later case, however, it is necessary that the die- 5S 
lectric strip masks are almost the same in thickness as 
the current block layers. 

Whereas in the above embodiment the semicon- 
ductor layers having the hexagonal crystal structure are 
grown on the (0001 )-face of the sapphire substrate, it is 
also possible to grow the semiconductor layers having 
the hexagonal crystal stnjcture on the (11-20)-face of 
the sapphire substrate. 

Further, in place of the (OOOI)-face sapphire sub- 
strate and the {11-20)-1ace sapphire substrate, silicon ^5 
oxide substrates with the (0001 )-face or the (1 1 -20)-1ace 
are available. Furthermore, MgAl204 substrates with 
the (OOOI)-face or the (11-20)-face are also available. 
Gallium nitride substrates with the (OOOI)-face or the 
(11-20)-face are still further available. The sapphire sub- so 
strate. silicon oxide substrate, MgAl204 substrate, and 
gallium nitride substrate having other faces than the 
(OOOI)-face or the (11-20)-face are also available. 

The above present invention can be applied not on- 
ly to the gallium nitride based laser diode as illustrated 55 
in the drawings but also other gallium nitride based laser 
diodes which are different in thickness of layer, compo- 
sition of layer, doping concentration of layer, material of 



electrode, martial of dielectric stripe masks, depth of dry 
etching, and width of stripe of the dielectrb stripe masks. 

Although in the above embodiment, the individual 
semiconductor layers have surfaces of the {0001)-face. 
the surfaces of the individual semiconductor layers may 
be tilted from the (OOOI)-face by an angle in the range 
of ±5 degrees. 

THIRD EMBODIMENT 

A third embodiment according to the present inven- 
tion will be described with reference to FIGS. 7 and 8. 
FIG, 7 is a fragmentary cross sectional elevation view 
illustrative of a novel gallium nitride based compound 
semiconductor laser having a current block layer struc- 
ture for a current confinement in a third embodiment ac- 
cording to the present invention. FIG. 8 is a fragmentary 
cross sectional elevation view illustrative of a novel gal- 
lium nitride based compound semiconductor laser in a 
selective growth process by a metal organic chemical 
vapor deposition method involved in a fabrication meth- 
od thereof. 

The novel gallium nitride based compound semi- 
conductor laser is formed on a (11-20)-face sapphire 
substrate 201 . All of compound semiconductor layers in 
the novel gallium nitride based compound semiconduc- 
tor laser have hexagonal crystal structures. The struc- 
ture of the novel gallium nitride based compound sem- 
iconductor laser is as follows. A 300A-thick undoped 
GaN buffer layer 102 is provided on a (11-20)-1ace sap- 
phire substrate 201 . The 300A-thick undoped GaN buff- 
er layer 102 has a hexagonal crystal structure. A 3 jj. m- 
thick n-type GaN contact layer 103 doped with Si is pro- 
vided on an entire surface of the 300A-thick undoped 
GaN buffer layer 102. The 3 ^ m-thick n-type GaN con- 
tact layer 103 has a hexagonal crystal structure. The 3 
|j. m-thick n-type GaN contact layer 103 has a ridged 
portion and recess portions. Atop surface of the ridged 
portion of the 3 |i m-thick n-type GaN contact layer 103 
is a flat suriace. Upper surfaces of the recess portions 
of the 3 m-thick n-type GaN contact layer 103 are also 
flat surfaces. A 0.1 ^ m-thick n-type 1 00.05^80.95'^ layer 
104 doped with Si is provided on the top flat surface of 
the ridged portion of the 3 m-thick n-type GaN contact 
layer 103. The 0.1 \x m-thick n-type lno.05Gao.95N layer 
104 is capable of preventing crack in the compound 
semiconductor. A 0.4 |i m-thick n-type Alo.o7Gao,93N 
cladding layer 105 doped with Si is provided on the 0.1 
\i m-thick n-type Ino.osGao.gsN layer 104. The 0,4 |i nrv 
thick n-type Alo.07Gao.93N cladding layer 105 has the 
hexagonal crystal structure. A 0. 1 p. m-thick n-type GaN 
optical guide layer 106 doped with Si is provided on the 
0.4 ji m-thick n-type Alo.07Gao.93N cladding layer 105. 
The 0.1 ^ m-thick n-type GaN optical guide layer 106 
has the hexagonal crystal structure. A multiple quantum 
well active layer 107 is provided on the 0.1 |i m-thick n- 
type GaN optical guide layer 106. The multiple quamtum 
well active layer 107 comprises 7 periods of alternating 
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25A-thick undoped Ino^Gao qN quantum well layers and 
50A-lhick undoped Ino.osGao^N barrier layers. The 25 
A-lhrck undoped Ino.a^ao.s^' quantunn well layers have 
the hexagonal crystal structure. The SOA-thick undoped 
*"o.os^^.9s'^ barrier layers have the hexagonal crystal 5 
structure. A 200A-thick p-type AlogGao.sN layer 108 
doped with Mg is provided on the multiple quantum well 
active layer 107. The 200A-thick p-type AIo.aGao.sN lay- 
er 108 has the hexagonal crystal structure. A 0.1 p. m- 
thick p-type GaN optical guide layer 109 doped with Mg io 
is provided on the 200A-thick p-type AI0.2Gao.8N layer 
108. The 0.1 |i m-thick p-type GaN optical guide layer 
1 09 has the hexagonal crystal structure. A 0.4 p. m-thick 
p-type Alo.07Gao.93N cladding layer 110 doped with Mg 
is provided on the 0. 1 ^ m-thick p-type GaN optical guide 
layer 109. The 0.4 m-thick p-type Alo.07Gao.93N clad- 
ding layer 1 1 0 has the hexagonal crystal structure. A 0.2 
\i m-thick p-type GaN layer 214 doped with Mg is pro- 
vided on the 0.4 n m-thick p-type Alo.07Gao.g3N cladding 
layer 110. The 0.2 p. m-thick p-type GaN layer 214 has 20 
the hexagonal crystal structure. Further, 2000A-thick sil- 
icon oxide stripe masks 215 are provided so that a lon- 
gitudinal direction of the 2000A-thick silicon oxide stripe 
masks 21 5 is parallel to the [1-1 00] direction 0I the hex- 
agonal crystal structure. The 2000A-thick silicon oxide 2S 
stripe masks 215 defines a stripe-shaped opening with 
a width of 5 p. m. A 0.3 |j. m-thick p-type GaN contact 
layer 111 doped with Mg is selectively provided on the 
stripe-shaped opening of the 20doA-thick silicon oxide 
stripe masks 21 5 over the 0.2 p- m-thick p-type GaN lay- 30 
er 214 and also on parts adjacent to the stripe-shaped 
opening of the 2000A-thick silicon oxide stripe masks 
215. Namely, the 0.3 m-thick p-type GaN contact layer 
1 1 1 is selectively grown by use of the 2000A-thick silicon 
oxide stripe masks 215 so that the 0.3 ja m-thick p-type 3$ 
GaN contact layer 111 has a ridge-shape in cross sec- 
tional view and also has sloped and highly flat side walls. 
The 0.3 p. m-thick p-type GaN contact layer 111 has the 
hexagonal crystal structure. A p-electrode 1 12 is provid- 
ed which extends on the top surface and the highly flat ^0 
side walls of the 0.3 p m-thick p-type GaN contact layer 
1 1 1 as well as over parts of the 2000 A -thick silicon ox- 
ide stripe masks 215. The p-electrode 112 comprises a 
nickel layer laminated on the top surface and the highly 
flat side walls of the 0.3 p m-thick p-type GaN contact 
layer 111 and a gold layer laminated on the nickel layer 
An n-electrode 113 is provided on the recessed surlace 
of the 3 p. m-thick n-type GaN contact layer 103. The n- 
electrode 113 comprises a titanium layer laminated on 
the 3 p m-thick n-type GaN contact layer 103 and an so 
aluminum layer laminated on the titanium layer 

In this embodiment, the 2000A-thick silicon oxide 
stripe masks 21 5 and the ridge-shaped 0.3 p m-thick p- 
type GaN contact layer ill serve for current confine- 
ment. This current confinement allows a reduction in ss 
threshold current of the laser diode. 

The above laser diode is formed as follows. The 
300A-thick undoped GaN buffer layer 102 is grown by 



a metal organic chemical vapor deposition method at a 
low temperature on the flat (11 -20)-face sapphire sub- 
strate 201 so that the 300A -thick undoped GaN buffer 
layer 102 has a hexagonal crystal structure. The 3 pm- 
thick n-type GaN contact layer 103 doped with Si is 
grown by a metal organic chemical vapor deposition 
method on an entire surface of the 300A -thick undoped 
GaN buffer layer 1 02 so that the 3 p m-thick n-type GaN 
contact layer 1 03 has a hexagonal crystal structure. The 
0.1 p m-thick n-type lnO.05GaO.95N layer 104 doped 
with Si is grown by the metal organic chemical vapor 
deposition on the top surface of the ridged portion of the 
3 p m-thick n-type GaN contact layer 1 03 so that the 0. 1 
p m-thick n-type lnO.05GaO.95N layer 104 has a hexag- 
onal crystal structure. The 0.4 p. m-thick n-type 
Alo.o7Gao 93N cladding layer 105 doped with Si is 'grown 
by the metal organic chemical vapor deposition on the 
0.1 p m-thick n-type lno.05Gao.95N layer 104 so that the 
0.4 p m-thick n-type Alo.07Gao.g3N cladding layer 105 
has the hexagonal crystal structure. The 0.1 p. m-thick 
n-type GaN optical guide layer 106 doped with Si is 
grown by the metal organic chemical vapor deposition 
on the 0.4 p m-thick n-type Alo.o7Gao,93N cladding layer 
105 so that the 0.1 p m-thick n-type GaN optical guide 
layer 106 has the hexagonal crystal structure. The mul- 
tiple quantum well active layer 1 07 is grown by the metal 
organic chemical vapor deposition on the 0.1 p. m-thick 
n-type GaN optical guide layer 1 06, wherein the multiple 
quantum well active layer 107 comprises 7 periods of 
alternating 25A-thick undoped lno2GaoBN quantum 
well layers and 50A -thick undoped Ino.csGao gsN barrier 
layers. The 25A-thick undoped lno.2Gao.BN quantum 
well layers and the 50A-thick undoped In0.05Ga0.95N 
barrier layers have the hexagonal crystal structure. 

The 200A-thick p-type Alo.2Gao gN layer 108 doped 
with Mg is grown by the metal organic chemical vapor 
deposition on the multiple quantum well active layer 107 
so that the 200A-thick p-type Alo.2Gao.8N layer 108 has 
the hexagonal crystal structure. The 200A-thick p-type 
Alo.2Gao.8N layer 103 is capable of preventing dissoci- 
ation of indium from the multiple quantum well active lay- 
er 107. The 0.1 p m-thick p-type GaN optical guide layer 
109 doped with Mg is grown by the metal organic chem- 
ical vapor deposition on the 200A -thick p-type 
Alo.2Gao.8N layer 108 so that the 0.1 p m-thick p-type 
GaN optical guide layer 109 has the hexagonal crystal 
structure. The 0,4 p m-thick p-type Alo.07Gao.93N clad- 
ding layer 110 doped with Mg is grown by the metal or- 
ganic chemical vapor deposition on the OA yx m-thick p- 
type GaN optical guide layer 109 so that the 0.4 p m- 
thick p-type Alo.07Gao.93N cladding layer 110 has the 
hexagonal crystal structure. The 0.2 p m-thick p-type 
GaN layer 214 is grown by the metal organic chemical 
vapor deposition on the 0.4 p m-thick p-type 
Alo.o7Gao,93N cladding layer 1 10 so that theO.2 p m-thick 
p-type GaN layer 21 4 has the hexagonal crystal struc- 
ture. Further, 2000A-thick silicon oxide stripe masks 21 5 
are arranged on the 0.2 p m-thick p-type GaN layer 21 4 
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so that a longitudinal direction of the 2000A-thick silicon 
oxide stripe masks 2 1 5 is parallel to the [ 1 -1 00] direction 
of the hexagonal Cfystal structure. The 2000A-thick sil- 
icon oxide stripe masks 215 defines a strtpe-shaped 
opening with a width of 5 m. A 0.3 \x m-thick p-type s 
GaN contact layer 111 doped with Mg is selectively 
grown by the metal organic chemical vapor deposition 
using the 2000A-thick silicon oxide stripe masks 215 on 
the stripe-shaped opening of the 2000A-thick silicon ox- 
ide stripe masks 215 over the 0.2 p. m-thick p-type GaN io 
layer 214 and also on parts adjacent to the stripe- 
shaped opening of the 2000A-thick silicon oxide stripe 
masks 215. The 0.3 |i m-thick p-type GaN contact layer 
111 has a ridge-shape in cross sectional view and also 
has sloped and highly flat side walls. The 0.3 p. m-thick 
p-type GaN contact layer 111 has the hexagonal crystal 
structure. The nickel layer is formed on the top surface 
and the sloped and highly flat side walls of the 0.3 }i m- 
thick p-type GaN contact layer 111 as well as parts of 
the 2000A-thtck silicon oxide stripe masks 215. A gold 20 
layer Is then formed on the nickel layer thereby forming 
the p-electrode 112. A titanium layer is formed on the 3 
p. m-thick n-type GaN contact layer 103 and an alumi- 
num layer is then formed on the titanium layer. 

Since the 2000A-thick silicon oxide stripe masks 25 
215 and the ridge-shaped 0.3 |i m-thick p-type GaN con- 
tact layer 111 serve for current confinement. This current 
confinement allows a reduction in threshold current of 
the laser diode. 

Since, further, the p-electrode 1 1 2 has a large con- 30 
tact area with the 0.3 p m-thick p-type GaN contact layer 
111. a contact resistance between the p-electrode 112 
and the 0,3 m-thick p-type GaN contact layer 111 is 
small. 

Furthermore, the above current confinement struc- 3S 
ture can be formed without use of the dry etching proc- 
ess. 

Moreover, the multiple quantum well active layer 
107 is formed on the flat surface. This results in no pos- 
sibility of compositional modification or no variation in 40 
composition over position of the active layer. 

Since the gallium nitride based compound semicon- 
ductor layers having the hexagonal crystal structure are 
selectively formed on the {0001)-face of the gallium ni- 
tride layer, then a growth rate of gallium nitride in the ^5 
[1 1 -20] direction is almost the same as that in the [0001 ] 
direction. 

Namely, the p-type gallium nitride contact layer 111 
having the hexagonal structure are selectively grown on 
the {0001)-face of the p-type gallium nitride layer 214 so 
having the hexagonal crystal structure by use of the di- 
electric stripe masks arranged in a longitudinal direction 
along the [1 -100] direction so that the p-type gallium ni- 
tride contact layer 111 has extending portions over the 
dielectric stripe masks. This leads to a large contact ar- 55 
ea between the p-type gallium nitride contact layer 111 
and the p-electrode 112 thereby reduction in contact re- 
sistance between the p-type gallium nitride contact layer 



111 and the p-electrode 112. 

In the above gallium nitride based compound sem- 
iconductor laser diode, an optical waveguide Is formed 
In a direction along the [1-100] direction of the crystal 
structure. It is possible to cleave the semiconductor wa- 
fer in the [1 -100] direction. This means it possible to form 
the reflective faces of resonator in the laser diode by the 
cleaving method. 

Moreover, the p-type gallium nitride contact layer 
111 are positioned between the 2000A-thick silicon ox- 
ide stripe masks 215 so that an optical control In the 
transverse mode can be made. 

As a modification, the optical waveguide may be 
formed In a direction tilted from the [1-100] direction of 
the crystal structure by an angle in the range of±5 de- 
grees. Even if the optical waveguide is formed In a di- 
rection tilted from the [1-100] direction of the crystal 
structure by an angle over the range of±5 degrees, then 
there is no further problem to a reduction in contact area 
between the p-electrode and the contact layer 

Whereas in the above embodiment the semicon- 
ductor layers having the hexagonal crystal structure are 
grown on the (11-20)-face of the sapphire substrate, it 
is also possible to grow the semiconductor layers having 
the hexagonal crystal structure on the (0001 )-face of the 
sapphire substrate. 

Further, in place of the (OOOI)-face sapphire sub- 
strate and the (11-20)-face sapphire substrate, silicon 
oxide substrates with the (0001 )-face or the (1 1 -20)-face 
are available. Furthermore, MgAl204 substrates with 
the (OOOI)-face or the {11-20)-face are also available. 
Gallium nitride substrates with the (OOOI)-face or the 
(1 1 -20)-face are still further available. The sapphire sub- 
strate, silicon oxide substrate, MgAl204 substrate, and 
gallium nitride substrate having other faces than the 
(OOOI)-lace or the (11-20)-face are also available. 

The above present invention can be applied not on- 
ly to the gallium nitride based laser diode as illustrated 
In the drawings but also other gallium nitride based laser 
diodes which are different in thickness of layer, compo- 
sition of layer, doping concentration of layer, materia! of 
electrode, martial of dielectric stripe masks, depth of dry 
etching, and width of stripe of the dielectric stripe masks. 

Although in the above embodiment, the individual 
semiconductor layers have surfaces of the (OOOI)-face, 
the surfaces of the individual semiconductor layers may 
be tilted from the (OOOI)-face by an angle in the range 
of ±5 degrees. 

FOURTH EMBODIMENT : 

A fourth embodiment according to the present in- 
vention will be described with reference to FIGS. 9 and 
10. FIG. 9 is a fragmentary cross sectional elevation 
view illustrative of a novel gallium nitride based com- 
pound semiconductor laser having a current block layer 
structure for a current confinement in a fourth embodi- 
ment according to the present invention. FIG. 10 is a 
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fragmentary cross sectional elevation view illustrative of 
a novel gallium nitride based compound semiconductor 
laser in a selective growth process by a metat organic 
chemical vapor deposition method involved in a fabrica- 
tion method thereof. s 

The novel gallium nitride based compound semi- 
conductor laser is formed on a {0001)-face sapphire 
substrate 101 . All of compound semiconductor layers in 
the novel gallium nitride based compound semiconduc- 
tor laser have hexagonal crystal structures. The struc- io 
ture of the novel gallium nitride based compound sem- 
iconductor laser is as follows. A 300A-thick undoped 
GaN buffer layer 102 is provided on a (OOOI)-face sap- 
phire substrate 101 . The 300A-thick undoped GaN buff- 
er layer 1 02 has a hexagonal crystal structure. A 3 ji m- ^5 
thick n-type GaN contact layer 103 doped with Si is pro- 
vided on an entire surface of the 300A-thick undoped 
GaN buffer layer 102. The 3 p m-thick n-type GaN con- 
tact layer 103 has a hexagonal crystal structure. The 3 
IX m-thick n-type GaN contact layer 103 has a ridged 20 
portion and recess portions. A top surface of the ridged 
portion of the 3 \x m-thick n-type GaN contact layer 103 
is a flat surface. Upper surfaces of the recess portions 
of the 3 p. m-thick n-type GaN contact layer 103 are also 
flat surfaces. A 0.1 p m-thick n-type lno.05Gao.9sN layer 25 
104 doped with Si is provided on the top flat surface of 
the ridged portion of the 3 p m-thick n-type GaN contact 
layer 103. The 0.1 p m-thick n-type lno.05Gao.95N layer 
104 is capable of preventing crack in the corfipound 
semiconductor. A 0.4 p m-thick n-type AIq 07^00.93'^ 
cladding layer 1 05 doped with Si is provided on the 0. 1 
p m-thick n-type lno.05Gao.g5N layer 104. The 0.4 p m- 
thick n-type AlcozGao-saf^ cladding layer 105 has the 
hexagonal crystal structure. A 0. 1 p m-thick n-type GaN 
optical guide layer 105 doped with Si is provided on the 35 
0,4 p m-thick n-type Alp oyGaQ cladding layer 105. 
The 0.1 p m-thick n-type GaN optical guide layer 106 
has the hexagonal crystal structure. A multiple quantum 
well active layer 107 is provided on the 0.1 p m-thick n- 
type GaN optical guide layer 106. The multiple quantum 40 
well active layer 107 comprises 7 periods of alternating 
25A-thick undoped ln0.2GaG.8N quantum well layers 
and 50A-thick undoped lno.05Gao.g5N barrier layers. 
The 25 A-thick undoped Ino.2Gao8N quantum well lay- 
ers have the hexagonal crystal structure. The 50A-thick -^5 
undoped lno.05Gao.95N barrier layers have the hexago- 
nal crystal structure. A 200A-thick p-type Alg ^GaQ gN 
layer 108 doped with Mg is provided on the multiple 
quantum well active layer 107. The 200A-thick p-type 
Alo.2Gao 8N layer 108 has the hexagonal crystal struc- so 
ture. A 0. 1 p m-thick p-type GaN optical guide layer 109 
doped with Mg is provided on the 200A-thick p-type 
Alo.2Gao.8N layer 1 08. The 0. 1 p m-thick p-type GaN op- 
tical guide layer 1 09 has the hexagonal crystal structure. 
A 0.4 p m-thick p-type Alo.oyGao gaN cladding layer 110 55 
doped with Mg is provided on the 0.1 p m-thick p-type 
GaN optical guide layer 109. The 0,4 p m-thick p-type 
Aloo/GaogaN cladding layer 110 has the hexagonal 



crystal structure. A 0.2 p m-thick p-type GaN layer 214 
doped with Mg is provided on the 0,4 p m-thick p-type 
Alo.07Gao.93N cladding layer 110. The 0.2 p m-thick p- 
type GaN layer 21 4 has the hexagonal crystal stmcture. 
Further, 0.5 p m-thick n-type GaN current block layers 
315 doped with St are selectively provided on the 0.2 p 
m-thick p-type GaN layer 214. The 0.5 p m-thick n-typo 
GaN current block layers 315 also have the hexagonal 
crystal structure. As will be described later, the 0.5 p. m- 
thick n-type GaN current block layers 31 5 are formed by 
a selective growth of a metal organic chemical vapor 
deposition method using dielectric stripe masks, for 
which reason the 0.5 p m-thick n-type GaN current block 
layers 31 5 have highly flat and sloped inside walls. It is 
important that the 0.5 p m-thick n-type GaN current 
block layers 315 having the hexagonal crystal structure 
are selectively grown by the metal organic chemical va- 
por deposition method using dielectric stripe masks on 
the 0.2 p m-thick p-type GaN layer 214 having the hex- 
agonal crystal structure. This results in the formation of 
the highly flat and sloped inside walls of the 0.5 p, m- 
thick n-type GaN current block layers 315. The highly 
fiat and sloped inside walls of the 0.5 p m-thick n-type 
GaN current block layers 315 cause current confine- 
ment as will be described later A 0.3 p m-thick p-type 
GaN contact layer 111 doped with Mg is provided over 
the 0.2 p m-thick p-type GaN layer 214 as well as the 
highly flat and sloped inside walls and the top surfaces 
of the 0.5 p m-thick n-type GaN current block layers 31 5. 
A top surface of the 0.3 p m-thick p-type GaN contact 
layer 111 is flat. The 0.3 p m-thick p-type GaN contact 
layer 111 has the hexagonal crystal structure. A p-elec- 
trode 1 1 2 is p rovided wh ich extends on th e 0. 3 p m-thick 
p-type GaN contact layer 111. The p-electrode 112 com- 
prises a nickel layer laminated on the top flat surface of 
the 0.3 p m-thick p-type GaN contact layer 111 and a 
gold layer laminated on the nickel layer An n-electrode 
113 is provided on the recessed surface of the 3 p m- 
thick n-type GaN contact layer 103. The n-electrode 113 
comprises a titanium layer laminated on the 3 p m-thick 
n-type GaN contact layer 103 and an aluminum layer 
laminated on the titanium layer 

As described above, since the 0.5 p m-thick n-type 
GaN current block layers 31 5 have an opposite conduc- 
tivity type to that of the 0.2 p m-thick p-type GaN layer 
21 4 and the 0. 3 p m-thick p-type GaN contact layer 111, 
then the 0,5 p m-thick n-type GaN current block layers 
31 5 are capable of blocking or guiding a current for cur- 
rent confinement. This current confinement allows a re- 
duction in threshold current of the laser diode. 

The above laser diode is formed as follows. The 
300A-thick undoped GaN buffer layer 102 is grown by 
a metal organic chemical vapor deposition method at a 
low temperature on the flat (OOOl)-face sapphire sub- 
strate 101 so that the SOOA -thick undoped GaN buffer 
layer 102 has a hexagonal crystal structure. The 3 p.m- 
thick n-type GaN contact layer 103 doped with Si is 
grown by a metal organic chemical vapor deposition 
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method on an entire surface ot the 300A-thick undoped 
GaN buffer layer 102 so that the 3 ^ m-thick n-type GaN 
contact layer 103 has a hexagonal crystal structure. 

The 0.1 m-thick n-type lno.05Gao.95N layer 104 
doped with Si is grown by the metal organic chemical s 
vapor deposition on the top surface of the ridged portion 
of the 3 iL m-thick n-type GaN contact layer 103 so that 
the 0.1 \i m-thick n-type lno.05Gao.95N layer 104 has a 
hexagonal crystal structure. The 6.4 m-thick n-type 
Alo.oyGao.gaN cladding layer 105 doped with Si is grown 10 
by the metal organic chemical vapor deposition on the 
0.1 [X m-thick n-type lno.05Gao.9sN layer 104 so that the 
0.4 ^i m-thick n-type Alo.07Gao.93N cladding layer 105 
has the hexagonal crystal stnjcture. The 0.1 p. m-thick 
n-type GaN optical guide layer 106 doped with Si is '5 
grown by the metal organic chemical vapor deposition 
on the 0.4 ji m-thick n-type Alo.oyGao 93N cladding layer 
105 so that the 0.1 |i m-thick n-type GaN optical guide 
layer 106 has the hexagonal crystal structure. The mul- 
tiple quantum well active layer 1 07 is grown by the metal 20 
organic chemical vapor deposition on the 0.1 p. m-thick 
n-type GaN optical guide layer 106, wherein the multiple 
quantum well active layer 107 comprises 7 periods of 
alternating 25A-thick undoped lno.2Gao.8N quantum 
well layers and 50A-thick undoped lno.05Gao.g5N barrier 25 
layers. The 25A-thick undoped lno.2Gao8N quantum 
well layers and the 50A-thick undoped lno.05Gao.95N 
barrier layers have the hexagonal crystal structure. 

The 200A-thick p-type Alo aGaQ qN layer 108 doped 
with Mg is grown by the metal organic chemical vapor 30 
deposition on the multiple quantum well active layer 107 
so that the 200A-thick p-type Alo.2Gao.8N layer 108 has 
the hexagonal crystal structure. The 200A-thlck p-type 
Alo.2Gao.8N layer 108 is capable of preventing dissoci- 
ation of indium from the multiple quantum well active lay- 3S 
er 107. The 0.1 |i m-thick p-type GaN optical guide layer 
109 doped with Mg is grown by the metal organic chem- 
ical vapor deposition on the 200A-thick p-type 
AI0.2Ga0.aN layer 108 so that the 0.1 |i m-thick p-type 
GaN optical guide layer 109 has the hexagonal crystal 40 
structure. The 0.4 p. m-thick p-type Alo.07Gao.93N clad- 
ding layer 110 doped with Mg is grown by the metal or- 
ganic chemical vapor deposition on the 0. 1 p m-thick p- 
type GaN optical guide layer 109 so that the 0.4 p. m- 
thick p-type Alo.07Gao.g3N cladding layer 110 has the 45 
hexagonal crystal structure. The 0.2 p m-thick p-type 
GaN layer 214 is grown by the metal organic chemical 
vapor deposition on the 0.4 p m-thick p-type 
AIq o7Gao.g3N cladding layer 1 1 0 so that theO.2 p m-thick 
p-type GaN layer 214 has the hexagonal crystal struc- 50 
ture. Further, 2000A-thick silicon oxide stripe masks 21 5 
are arranged on the 0.2 p m-thick p-type GaN layer 21 4 
so that a longitudinal direction of the 2000A-thick silicon 
oxide stripe masks 215 is parallel to the [11 -20] direction 
of the hexagonal crystal structure. The 2000A-thick sil- ss 
icon oxide stripe masks 215 defines a stripe-shaped 
opening and has a width of 5 p m. 0,5 p m-thick n-type 
GaN current block layers 315 doped with Si are selec- 



tively grown by the metal organic chemical vapor depo- 
sition on the 0.2 p m-thick p-type GaN layer 214 so that 
the 0.5 p. m-thick n-type GaN current block layers 315 
also have the hexagonal crystal stnjcture. The 0.5 p. m- 
thick n-type GaN current block layers 315 are grown by 
a selective growth of a metal organic chemical vapor 
deposition method using dielectric stripe masks, for 
which reason the 0.5 p m-thick n-type GaN current block 
layers 315 have highly flat and sloped inside walls. It is 
important that the 0.5 p m-thick n-type GaN current 
block layers 315 having the hexagonal crystal structure 
are selectively grown by the metal organic chemical va- 
por deposition method using dielectric stripe masks on 
the 0.2 p m-thick p-type GaN layer 214 having the hex- 
agonal crystal structure. This results in the formation of 
the highly fiat and sloped inside walls of the 0.5 p m- 
thick n-type GaN current block layers 315. The highly 
flat and sloped inside walls of the 0.5 p. m-thick n-type 
GaN current block layers 315 cause current confine- 
ment. A 0.3 p m-thick p-type GaN contact layer 111 
doped with Mg is grown by the metal organic chemical 
vapor deposition method over the 0.2 p m-thick p-type 
GaN layer 21 4 as well as the highly flat and sloped inside 
walls and the top surfaces of the 0.5 p. m-thick n-type 
GaN current block layers 315 so that a top surface of 
the 0.3 p. m-thick p-type GaN contact layer 111 is flat 
and the 0.3 p m-thick p-type GaN contact layer 111 has 
the hexagonal crystal structure. A nickel layer is lami- 
nated on the top flat surface of the 0,3 p. m-thick p-type 
GaN contact layer 1 1 1 and a gold layer is laminated on 
the nickel layer thereby forming the p-electrode 112. A 
titanium layer is laminated on the 3 p m-thick n-type GaN 
contact layer 103 and an aluminum layer is laminated 
on the titanium layer thereby forming the n-electrode 
113. 

Since the 0.5 p m-thick n-type GaN current block 
layers 315 have an opposite conductivity type to that of 
the 0.2 p m-thick p-type GaN layer 214 and the 0.3 p. m- 
thick p-type GaN contact layer 111, then the 0.5 p m- 
thick n-type GaN current block layers 315 are capable 
of blocking or guiding a current for current confinement. 
This current confinement allows a reduction in threshold 
current of the laser diode. 

Since, further, the p-electrode 112 has a large con- 
tact area with the 0.311 m-thick p-type GaN contact lay- 
er 1 1 1 , a contact resistance between the p-electrode 1 1 2 
and the 0.3 p m-thick p-type GaN contact layer 111 is 
small. 

Furthermore, the above current confinement struc- 
ture can be formed without use of the dry etching proc- 
ess. 

Moreover, the multiple quantum well active layer 
107 is formed on the flat surface. This results in no pos- 
sibility of compositional modification or no variation in 
composition over position of the active layer. 

Since the gallium nitride based compound semicon- 
ductor layers having the hexagonal crystal structure are 
selectively formed on the (OOOI)-face of the gallium ni- 
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tride layer, then the gallium nitride based compound 
semiconductor layers are almost not grown in the 
[1-100] direction. 

Namely, the 0.5 m m-thick n-type GaN current block 
layers 31 5 having the hexagonal structure are selective- s 
ly grown on the {0001)-face of the 0.2 \Ji m-thick p-type 
GaN layer 214 having the hexagonal crystal structure 
by use of the dielectric stripe masks arranged in a lon- 
gitudinal direction along the [11-20] direction so that no 
extending portion over the dielectric stripe masks is 
formed. 

In the above gallium nitride based compound sem- 
iconductor laser diode, an optical waveguide is formed 
in a direction along the [11-20] direction of the crystal 
structure. It is difficult to cleave the semiconductor wafer '5 
in the [1 1 -20] direction. This means it difficult to form the 
reflective faces of resonator in the laser diode by the 
cleaving method. For this reason, it is necessary to form 
the reflective faces of resonator in the laser diode by 
other method such as dry etching. 20 

Since the gallium nitride based compound semicon- 
ductor layers having the hexagonal crystal structure are 
selectively formed on the (OOOI)-face of the gallium ni- 
tride layer, then a growth rate of gallium nitride in the 
[11-20] direption is almost the same as that in the [0001] 2S 
direction. 

As a modification, the optical waveguide may be 
formed in a direction tilted from the [11-20] direction of 
the crystal structure by an angle in the range btfcS de- 
grees. Even if the optical waveguide is formed in a di- 30 
rection tilted from the [11-20] direction of the crystal 
structure by an angle over the range of±5 degrees, then 
there is no problem unless the semiconductor layer is 
allowed to be selectively grown in the [11-20] direction. 
In the later case, however, it is necessary that the die- 55 
lectric strip masks are almost the same in thickness as 
the current block layers. 

Whereas in the above embodiment the semicon- 
ductor layers having the hexagonal crystal structure are 
grown on the (0001 )-face of the sapphire substrate, it is "^o 
also possible to grow the semiconductor layers having 
the hexagonal crystal structure on the {11-20)-face of 
the sapphire substrate. 

Further, in place of the (OOOI)-face sapphire sub- 
strate and the (11-20)-face sapphire substrate, silicon 
oxide substrates with the (0001 )-face or the ( 1 1 -20)-f ace 
are available. Furthermore, MgAl204 substrates with 
the (OOOI)-tace or the (11-20)-face are also available. 
Gallium nitride substrates with the (OOOI)-face or the 
(11 -20)-face are stilHurther available. The sapphire sub- 50 
strate, silicon oxide substrate, MgAl204 substrate, and 
gallium nitride substrate having other faces than the 
(OOOI)-face or the (11-20)-face are also available. 

The above present invention can be applied not on- 
ly to the gallium nitride based laser diode as illustrated ss 
in the drawings but also other gallium nitride based laser 
diodes which are different in thickness of layer, compo- 
sition of layer, doping concentration of layer, material of 



electrode, martial of dielectric stripe masks, depth of dry 
etching, and width of stripe of the dielectric stripe masks. 

Although in the above embodiment, the individual 
semiconductor layers have surfaces of the (0001 )-f ace, 
the surfaces of the individual semiconductor layers may 
be tilted from the (0001 Hace by an angle in the range 
of ±5 degrees. 

FIFTH EMBODIMENT: 

A fifth embodiment according to the present inven- 
tion will be described with reference to FIGS. 11 and 12. 
FIG. 11 is a fragmentary cross sectional elevation view 
illustrative of a novel gallium nitride based compound 
semiconductor laser having a current block layer struc- 
ture for a current confinement in a fifth embodiment ac- 
cording to the present invention. FIG. 12 is a fragmen- 
tary cross sectional elevation view illustrative of a novel 
gallium nitride based compound semiconductor laser in 
a selective growth process by a metal organic chemical 
vapor deposition method involved in a fabrication meth- 
od thereof. 

The novel gallium nitride based compound semi- 
conductor laser is formed on a (OOOI)-faco sapphire 
substrate 101 . All of compound semiconductor layers in 
the novel gallium nitride based compound semiconduc- 
tor laser have hexagonal crystal structures. The struc- 
ture of the novel gallium nitride based compound sem- 
iconductor laser is as follows. A 300A-thick undoped 
GaN buffer layer 102 is provided on a (OOOI)-face sap- 
phire substrate 101. 

The 300A-thick undoped GaN buffer layer 102 has 
a hexagonal crystal structure. A 3 |i m-thick n-type GaN 
contact layer 103 doped with Si is provided on an entire 
surface of the 300A-thick undoped GaN buffer layer 
102. The 3 |i m-thick n-type GaN contact layer 103 has 
a hexagonal crystal structure. The 3 \x. m-thick n-type 
GaN contact layer 1 03 has a ridged portion and recess 
portions. A top surface of the ridged portion of the 3 
m-thick n-type GaN contact layer 103 is a flat surface. 
Upper surfaces of the recess portions of the 3 ji m-thick 
n-type GaN contact layer 103 are also flat surfaces, A 
0.1 |i m-thick n-type lno.05Gao.g5N layer 104 doped with 
Si is provided on the top flat surface of the ridged portion 
of the 3 |i m-thick n-type GaN contact layer 103. The 0.1 
\x m-thick n-type lno.05Gao.95N 'ay®'' 104 is capable of 
preventing crack in the compound semiconductor. A 0.4 
\i m-thick n-type ALoo7Gao.93N cladding layer 105 
doped with Si is provided on the OA \l m-thick n-type 
lnO.05GaO.95N layer 104. The 0,4 ^ m-thick n-type 
Alo.07Gao.93N cladding layer 105 has the hexagonal 
crystal structure. A 0.1 m-thick n-type GaN optical 
guide layer 106 doped with Si is provided on the 0.4 ^ 
m-thick n-type Alo.oyGao^sN cladding layer 1 05. The 0. 1 
m-thick n-type GaN optical guide layer 106 has the 
hexagonal crystal structure. A multiple quantum well ac- 
tive layer 107 is provided on the 0.1 m-thick n-type 
GaN optical guide layer 106. The multiple quantum well 
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active layer 107 comprises 7 periods of alternating 25A- 
thick undoped lno.2Gao.8N quantum well layers and 
50A*thlck undoped lno.05Gao.95N barrier layers. The 25 
A -thick undoped lno.2Gao.8N quantum well layers have 
the hexagonal crystal structure. The 50A-thick undoped s 
lno.05Gao.95N barrier layers have the hexagonal crystal 
structure. A 200A-thick p-type AI0.2Gao.eN layer 108 
doped with Mg is provided on the multiple quantum well 
active layer 107. The 200A-thick p-type Al0.2Ga0.aN lay- 
er 108 has the hexagonal crystal structure. A 0.1 m- 10 
thick p-type GaN optical guide layer 109 doped with Mg 
is provided on the 200A-thick p-type Alo.2Gao8N layer 
108. The 0.1 m-thick p-type GaN optical guide layer 
1 09 has the hexagonal crystal structure. A 0.4 |i m-thick 
p-type Alo.07Gao.93N cladding layer 110 doped with Mg '5 
is provided on the 0. 1 n m-thick p-type GaN optical guide 
layer 109. The 0.4 ^ m-thick p-type Alo.07Gao.93N clad- 
ding layer 1 1 0 has the hexagonal crystal structure. A 0.2 
|i m-thIck p-type GaN layer 214 doped with Mg is pro- 
vided on the 0,4 m-thick p-type Alo.07Gao.g3N cladding 20 
layer 110. The 0.2 p- m-thick p-type GaN layer 214 has 
the hexagonal crystal structure. The above laminations 
of the 0.1 p. m-thick n-type lno.05Gao.95N layer 104. the 
0.4 VI m-thick n-type AI0.07Gao.93N cladding layer 105, 
the 0.1 p. m-thick n-type GaN optical guide layer 106, 2S 
the multiple quantum well active layer 107, the 200A- 
thick p-typo Alo.aGBo.aN layer 108, the 0.1 p m-thick p- 
type GaN optical guide layer 109, the 0,4 p m-thick p- 
type AIq oyGao 93N cladding layer 110 and the 0.2 p m- 
thick p-type GaN layer 214 are in the form of a ridge. 30 
Further, GaN current block layer structures are provided 
on side walls of the ridge of the above laminations and 
over the 3 p m-thick n-type GaN contact layer 103, Each 
of the GaN current block layer structures comprise lam- 
inations of a 0.5 p m-thick n-type GaN current block lay- 35 
er 31 5 doped with Si, a 0.5 p m-thick p-type GaN current 
block layer 114 doped with Mg on the 0.5 p m-thick n- 
type GaN current block layers 315 and a 0.5 p m-thick 
n-type GaN current block layer 31 5 doped with Si on the 
0.5 p m-thick p-type GaN current block layer 114. The 
0.5 p m-thick n-type GaN current block layers 31 5 doped 
with Si are selectively provided on the side walls of the 
ridge of the above laminations of the layers and also 
over the 3 p m-thick n-type GaN contact layer 103. The 
0.5 p. m-thick n-type GaN current block layers 31 5 also ^5 
have the hexagonal crystal structure. As will be de- 
scribed later, the 0.5 p m-thick n-type GaN current block 
layers 315 are grown by a selective growth of a metal 
organic chemical vapor deposition method using dielec- 
tric stripe masks arranged on a top of the ridge of the so 
above laminations of the layers. It is important that the 
0.5 p m-thick n-type GaN current block layers 315 hav- 
ing the hexagonal crystal structure are selectively grqwn 
by the metal organic chemical vapor deposition method 
using dielectric stripe masks on the side walls of the 
ridge of the above laminations of the layers having the 
hexagonal crystal structure and also over the 3 p m-thick 
n-type GaN contact layer 103 having the hexagonal 



crystal structure. Subsequently, the 0.5 p m-thick p-type 
GaN current block layers 114 doped with Mg are also 
grown on the 0.5 p m-thick n-type GaN current block 
layers 31 5 by the selective growth of the metal organic 
chemical vapor deposition method using dielectric stripe 
masks arranged on a top of the ridge of the above lam- 
inations of the layers. It is also important that the 0.5 p 
nn-thtck p-type GaN cun-ent block layers 114 having the 
hexagonal crystal structure are selectively grown on the 
0.5 p m-thick n-type GaN current block layers 315 hav- 
ing the hexagonal crystal structure by the metal organic 
chemical vapor deposition method using dielectric stripe 
masks. Then, the 0.5 p m-thIck n-type GaN current block 
layers 31 5 are grown by the selective growth of the met- 
al organic chemical vapor deposition method using die- 
lectric stripe masks arranged on the top of the ridge of 
the above laminations of the layers. It is also important 
that the 0.5 p m-thick n-type GaN current block layers 
315 having the hexagonal crystal structure are -selec- 
tively grown on the 0.5 p m-thick p-type GaN current 
block layers 114 having the hexagonal crystal structure 
by the metal organic chemical vapor deposition method 
using dielectric stripe masks. Top surfaces of the upper 
0.5 p m-thick n-type GaN current block layers 315 have 
the same level as a top surface of the 0.2 p m-thick p- 
type GaN layer 21 4 or the top of the ridge of the above 
laminations of layer. The current block layer structures 
of laminations of the 0.5 p m-thick n-type GaN current- 
block layers 315, the 0.2 p m-thick p-type GaN layer 21 4 
and the 0.5 p m-thick n-type GaN current block layers 
31 5 cause current confinement as will be described lat- 
er. A 0.2 p m-thick p-type GaN contact layer 111 doped 
with Mg is provided over the 0.2 p m-thick p-type GaN 
layer 214 as well as the top surfaces of the upper 0.5 p 
m-thick n-type GaN current block layers 31 5. A top sur- 
face of the 0,2 p m-thick p-type GaN contact layer 111 
is flat. The 0.2 p m-thick p-type GaN contact layer 111 
has the hexagonal crystal structure. A p-electrode 112 
is provided which extends on the 0.2 p m-thick p-type 
GaN contact layer 111. The p-electrode 112 comprises 
a nickel layer laminated on the top flat surface of the 0.2 
p m-thick p-type GaN contact layer 111 and a gold layer 
laminated on the nickel layer. An n-electrode 11 3 is pro- 
vided on the recessed surface of the 3 p m-thick n-type 
GaN contact layer 103. The n-electrode 113 comprises 
a titanium layer laminated on the 3 p m-thick n-type GaN 
contact layer 103 and an aluminum layer laminated on 
the titanium layer. 

As described above, since the 0.5 p m-thick h-type 
GaN current block layers 315 have an opposite conduc- 
tivity type to that of the 0.2 p m-thick p-type GaN layer 
21 4 and the 0.2 p m-thick p-type GaN contact layer 111, 
then the 0.5 p m-thick n-type GaN current block layers 
31 5 are capable of blocking or guiding a current for cur- 
rent confinement. This current confinement allows a re- 
duction in threshold current of the laser diode. 

The above laser diode is formed as follows. The 
300A-thick undoped GaN buffer layer 102 is grown by 
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a metal organic chemicat vapor deposition method at a 
low temperature on the flat (OOOI)-face sapphire sub- 
strate 101 so that the 300A-thick undoped GaN buffer 
layer 1 02 has a hexagonal crystal structure. The 3 m- 
thick n-type GaN contact layer 103 doped with Si is s 
grown by a metal organic chemical vapor deposition 
method on an entire surface of the 300A-thick undoped 
GaN buffer layer 1 02 so that the 3 \i m-thick n-type GaN 
contact layer 1 03 has a hexagonal crystal structure. The 
0.1 M- m-thick n-type lnO.05GaO.95N layer 104 doped io 
with Si is grown by the metal organic chemical vapor 
deposition on the top surface of the ridged portion of the 
3 |a m-thick n-type GaN contact layer 1 03 so that the 0. 1 
U m-thick n-type lnO.05GaO.95N layer 1 04 has a hexag- 
onal crystal structure. The 0.4 ji m-thick n-type '5 
Alo.07Gao.93N cladding layer 105 doped with Si is grown 
by the metal organic chemical vapor deposition on the 
0.1 n m-thick n-type Ino.osGao 95N layer 104 so that the 
0.4 p. m-thick n-type Alo,o7Gao.93N cladding layer 105 
has the hexagonal crystal structure. The 0.1 yi m-thick 20 
n-type GaN optical guide layer 106 doped with Si is 
grown by the metal organic chemical vapor deposition 
on the 0,4 p. m-thick n-type AIq oyGag 93N cladding layer 
105 so that the 0.1 p. m-thick n-type GaN optical guide 
layer 106 has the hexagonal crystal structure. The mul- 25 
tiple quantum well active layer 1 07 is grown by the metal 
organic chemical vapor deposition on the 0. 1 p. m-thick 
n-type GaN optical guide layer 1 06, wherein the multiple 
quantum well active layer 107 comprises 7 periods of 
alternating 25A-thick undoped lno2Gao.8N quantum 30 
well layers and 50A -thick undoped Ino osG^o gsN barrier 
layers. The 25A-thlck undoped Ino^GaosN quantum 
well layers and the 50A-thick undoped InQ osGao.gsN 
barrier layers have the hexagonal crystal structure. 

The 200A-thickp-type Alo,2Gao.8N layer 108 doped 3S 
with Mg is grown by the metal organic chemical vapor 
deposition on the multiple quantum well active layer 107 
so that the 200A-thlckp-type Alo.gGao.sN layer 108 has 
the hexagonal crystal structure. The 200A-thick p-type 
Alo.2Gso.8N layer 109 is capable of preventing dissoci- ^0 
ation of indium from the multiple quantum well active lay- 
er 1 07. The 0. 1 p m-thick p-type GaN optical guide layer 
109 doped with Mg is grown by the metal organic chem- 
ical vapor deposition on the 200A-thick p-lype 
Alo.2Gao.8N layer 108 so that the 0.1 p m-thick p-type -^5 
GaN optical guide layer 109 has the hexagonal crystal 
structure. The 0.4 p m-thick p-type AIq oTGa^ 93N clad- 
ding layer 110 doped with Mg is grown by the metal or- 
ganic chemical vapor deposition on the 0. 1 p m-thick p- 
type GaN optical guide layer 109 so that the 0.4 |a m- ^o 
thick p-type Alo.oyGag gaN cladding layer 110 has the 
hexagonal crystal structure. The 0.2 p m-thick p-type 
GaN layer 214 is grown by the metal organic chemical 
vapor deposition on the 0.4 p m-thick p-type 
Alo.07Gao.93N cladding layer 1 1 0 so that theO.2 p m-thick 55 
p-type GaN layer 214 has the hexagonal crystal struc- 
ture. Further, 2000A-thick silicon oxide stripe masks 21 5 
are arranged on the 0.2 p. m-thick p-type GaN layer 21 4 



so that a longitudinal direction of the 2000A-thick silicon 
oxide stripe masks 21 5 is parallel to the [1 1 -20] direction 
of the hexagonal crystal structure. The 2000A-thick sil- 
icon oxide stripe masks 215 defines a stripe-shaped 
opening and has a width of 1 p m. A reactive ion etching 
is carried out to selectively remove the above lamina- 
tions of the 0. 1 p m-thick n-type lno.osGao.95N layer 1 04. 
the 0.4 p m-thick n-type AI0.07Gao.93N cladding layer 

105, the 0.1 p m-thick n-type GaN optical guide layer 

106, the multiple quantum well active layer 107. the 
200A-thick p-type Alo.2Gao.8N layer 108, the 0.1 \i m- 
thick p-type GaN optical guide layer 109, the 0,4 n m- 
thick p-type Alo.07Gao.93N cladding layer 11 0 and the 0.2 
p m-thick p-type GaN layer 214 and further the 3 p. m- 
thick n-type GaN contact layer 103. As a result, the ridge 
is formed which comprises the above semiconductor 
layers having the hexagonal crystal structure. Further, 
GaN current block layer structures are formed on side 
walls of the ridge of the above laminations and over the 
3 p m-thick n-type GaN contact layer 103. The 0.5 p. m- 
thick n-type GaN current block layers 31 5 doped with Si 
are selectively grown on the side walls of the ridge of 
the above laminations of the layers and also over the 3 
p m-thick n-type GaN contact layer 103 by the metal or- 
ganic chemical vapor deposition method using the 
above 2000A-thick silicon oxide stripe masks 215 so 
that the 0.5 p m-thick n-type GaN current block layers 
315 also have the hexagonal crystal structure. It Is im- 
portant that the 0.5 p m-thick n-type GaN current block 
layers 315 having the hexagonal crystal structure are 
selectively grown by the metal organic chemical vapor 
deposition method using dielectric stripe masks on the 
side walls of the ridge of the above laminations of the 
layers having the hexagonal crystal structure and also 
over the 3 p m-thIck n-type GaN contact layer 103 hav- 
ing the hexagonal crystal structure. Subsequently, the 
0.5 p m-thick p-type GaN current block layers 1 1 4 doped 
with Mg are also grown on the 0.5 p m-thick n-type GaN 
current block layers 315 by the selective growth of the 
metal organic chemical vapor deposition method using 
dielectric stripe masks arranged on the top of the ridge 
of the above laminations of the layers. It is also important 
that the 0.5 p m-thick p-type GaN current block layers 
114 having the hexagonal crystal structure are selec- 
tively grown on the 0.5 p m-thick n-type GaN current 
block layers 315 having the hexagonal crystal structure 
by the metal organic chemical vapor deposition method 
using dielectric stripe masks. Then, the 0.5 n m-thick n- 
type GaN current block layers 315 are grown by the se- 
lective growth of the metal organic chemical vapor dep- 
osition method using dielectric stripe masks arranged 
on the top of the ridge of the above laminations of the 
layers. It Is also important that the 0.5 p m-thick n-type 
GaN current block layers 315 having the hexagonal 
crystal structure are selectively grown on the 0.5 p. m- 
Ihick p-lype GaN current block layers 114 having the 
hexagonal crystal structure by the metal organic chem- 
ical vapor deposition method using dielectric stripe 
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masks. Top surfaces of the upper 0.5 \i m-thick n-type 
GaN current block layers 31 5 have the same level as a 
top surface of the 0.2 p m-thick p-type GaN layer 214 or 
the top of the ridge of the above laminations of layer. 
The current block layer structures of laminations of the s 
0.5 |a m-thick n-type GaN current block layers 315, the 
0.2 |x m-thick p-type GaN layer 214 and the 0.5 \i m- 
thipk n-type GaN current block layers 31 5 cause current 
confinement. The used 2000A-thick silicon oxide stripe 
masks 215 are removed. A 0.3 p. m-thick p-type GaN io 
contact layer 111 doped with Mg is grown by the metal 
organic chemical vapor deposition method over the 0.2 
p m-thick p-type GaN layer 214 as well as the top sur- 
faces of the upper 0.5 p m-thick n-type GaN current 
block layers 315 so that a top surface of the 0.3 p m- '5 
thick p-type GaN contact layer 111 is flat and the 0.3 p 
m-thick p-type GaN contact layer 1 1 1 has the hexagonal 
crystal structure. A p-electrode 112 is provided which 
extends on the 0.3 p m-thick p-type GaN contact layer 
111. The p-electrode 1 1 2 comprises a nickel layer lam- 20 
inated on the top flat surface of the 0.3 p m-thick p-type 
GaN contact layer 1 1 1 and a gold layer laminated on the 
nickel layer. An n-electrode 113 is provided on the re- 
cessed surface of the 3 p m-thick n-type GaN contact 
layer 1 03. The n-electrode 113 comprises a titanium lay- 25 
er laminated on the 3 p m-thick n-type GaN contact layer 
103 and an aluminum layer laminated on the titanium 
layer. 

Since the 0.5 p m-thick n-type GaN current block 
layers 31 5 have an opposite conductivity type to that of 30 
the 0.2 p m-thick p-type GaN layer 214 and the 0.2 pm- 
thick p-type GaN contact layer 111, then the 0.5 p m- 
thick n-type GaN current block layers 315 are capable 
of blocking or guiding a current for current confinement. 
This current confinement allows a reduction in threshold 35 
current of the laser diode. 

Since, further, the p-electrode 112 has a large con- 
tact area with the 0.3 p m-thick p-type GaN contact layer 
111, a contact resistance between the p-electrode 112 
and the 0.3 p m-thick p-type GaN contact layer 111 is 40 
small. 

Furthermore, the above current confinement struc- 
ture can be formed without use of the dry etching proc- 
ess. 

Moreover, the multiple quantum well active layer ^5 
107 is formed on the flat surface. This results in no pos- 
sibility of compositional modification or no variation in 
composition over position of the active layer 

Namely, the 0.5 p m-thick n-type GaN current block 
layers 31 5 having the hexagonal structure are selective- so 
ly grown on the (0001 )-face of the 0.2 p m-thick p-type 
GaN layer 214 having the hexagonal crystal structure 
and the 3 p m-thick n-type GaN contact layer 103 having 
the hexagonal crystal structure by use of the dielectric 
stripe masks arranged in a longitudinal direction along ss 
the 11-100] direction so that an optical waveguide is 
formed in a direction along the |1-100] direction of the 
crystal structure. It is, therefore, possible to cleave the 



semiconductor wafer in the {1-100] direction. This 
means it possible to form the reflective faces of resona- 
tor in the laser diode by the cleaving method. 

As a modification, the optical waveguide may be 
formed in a direction tilted from the (1 -100] direction of 
the crystal structure by an angle in the range of±5 de- 
grees. Even if the optical waveguide is formed in a di- 
rection tilted from the [1-100] direction of the crystal 
structure by an angle over the range of±5 degrees, then 
it is difficult to cleave the semiconductor wafer, for which 
reason the reflective faces of resonator in the laser di- 
ode are formed by other methods such as dry etching 
than the cleaving method. 

Whereas in the above embodiment the semicon- 
ductor layers having the hexagonal crystal structure are 
grown on the (0001 )-face of the sapphire substrate, it is 
also possible to grow the semiconductor layers having 
the hexagonal crystal structure on the (11-20)-face of 
the sapphire substrate. 

Further, in place of the (OOOI)-face sapphire sub- 
strate and the (11-20)-face sapphire substrate, silicon 
oxide substrates with the (0001 )-fac© or the (1 1 -20) -face 
are available. Furthermore, MgAi204 substrates with 
the (OOOl)-face or the (11-20)-face are also available. 
Gallium nitride substrates with the (OOOI)-face or the 
(1 1 -20)-f ace are still further available. The sapphire sub- 
strate, silicon oxide substrate, MgAl204 substrate, and 
gallium nitride substrate having other faces than the 
{0001)-face or the (11-20)-face are also available. 

The above present invention can be applied not on- 
ly to the gallium nitride based laser diode as illustrated 
in the drawings but also other gallium nitride based laser 
diodes which are different in thickness of layer, compo- 
sition of layer, doping concentration of layer, material of 
electrode, martial of dielectric stripe masks, depth of dry 
etching, and width of stripe of the dielectric stripe masks. 

Although in the above embodiment, the individual 
semiconductor layers have surfaces of the (OOOI)-face, 
the surfaces of the individual semiconductor layers may 
be tilted from the (OOOI)-face by an angle in the range 
of ±5 degrees. 

SIXTH EMBODIMENT 

A sixth embodiment according to the present inven- 
tion will be described with reference to FIGS, 13 and 14. 
FIG. 1 3 is a fragmentary cross sectional elevation view 
illustrative of a novel gallium nitride based compound 
semiconductor laser having a current block layer struc- 
ture tor a current confinement in a sixth embodiment ac- 
cording to the present invention. FIG. 14 is a fragmen- 
tary cross sectional elevation view illustrative of a novel 
gallium nitride based compound semiconductor laser in 
a selective growth process by a metal organic chemical 
vapor deposition method involved in a fabrication meth- 
od thereof. 

The novel gallium nitride based compound semi- 
conductor laser is formed on a (OOOI)-face sapphire 
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substrate 101. All ol compound semiconductor layers in 
the novel gallium nitride based compound semiconduc- 
tor laser have hexagonal crystal structures. The struc- 
ture of the novel gallium nitride based compound sem- 
iconductor laser is as follows. A 300A-thick undoped 5 
GaN buffer layer 102 is provided on a (OOOI)-face sap* 
phire substrate 101 . The 300A-thick undoped GaN buff- 
er layer 1 02 has a hexagonal crystal structure. A 3 m- 
thick n-type GaN contact layer 103 doped with Si is pro- 
vided on an entire surface of the 300A-thick undoped io 
GaN buffer layer 102. The 3 m-thick n-type GaN con- 
tact layer 103 has a hexagonal crystal structure. The 3 
|i m-thick n-type GaN contact layer 103 has a ridged 
portion and recess portions. Atop surface of the ridged 
portion of the 3 p. m-thick n-type GaN contact layer 103 
is a flat surface. Upper surfaces of the recess portions 
of the 3 \x m-thick n-type GaN contact layer 103 are also 
flat surfaces. A 0.1 m-thick n-type InQ QgGa^ ggN layer 
104 doped with Si is provided on the top flat surface of 
the ridged portion of the 3 |i m-thIck n-type GaN contact 20 
layer 103. The 0.1 |i m-thick n-type Ino.osG^o.gsN layer 
104 is capable of preventing crack in the compound 
semiconductor. A 0.4 p. m-thick n-type Alo.orG^o.ga'*^ 
cladding layer 105 doped with Si is provided on the 0.1 
p. m-thick n-type Ino.osGao ggN layer 104. The 0.4 p. m- 25 
thick n-type AI0.07Gao.93N cladding layer 105 has the 
hexagonal crystal structure. A 0. 1 p. m-thick n-type GaN 
optical guide layer 106 doped with Si is provided on the 
0.4 p m-thick n-type Alo.oyGao.ga'^ cladding layer 105. 
The 0.1 p m-thick n-type GaN optical guide layer 106 30 
has the hexagonal crystal structure. A multiple quantum 
welt active layer 107 is provided on the 0.1 p m-thick n- 
type GaN optical guide layer 106. The multiple quantum 
well active layer 107 comprises 7 periods of alternating 
25A-thick undoped Ing^Gao gN quantum well layers and 35 
50A-thick undoped Ino.osG^o.gs'^ barrier layers. The 25 
A-thick undoped lno.2Gao.8N quantum well layers have 
the hexagonal crystal structure. The 50A-thick undoped 
lno.05Gao.g5N barrier layers have the hexagonal crystal 
structure. A 200A-thick p-type Alo.aGao.aN layer 108 40 
doped with Mg is provided on the multiple quantum well 
active layer 107. The 200 A-thick p-type Alo gGaQ ^N lay- 
er 108 has the hexagonal crystal structure. A 0.1 p m- 
thick p-type GaN optical guide layer 109 doped with Mg 
is provided on the 200A-thk;k p-type Alo.gGao.sN layer 45 
108. The 0.1 p m-thick p-type GaN optical guide layer 
109 has the hexagonal crystal structure. A 0.4 p m-thick 
p-type Alo.orGao gaN cladding layer 110 doped with Mg 
is provided on the 0. 1 p m-thick p-type GaN optical guide 
layer 109. The 0.4 p m-thick p-type ALo.07Gao.93N clad- -so 
ding layer 1 1 0 has the hexagonal crystal structure. A 0.2 
p m-thick p-type GaN layer 214 doped with Mg is pro- 
vided on the 0.4 p m-thick p-type Alo.07Gao.93N cladding 
layer 110. The 0.2 p m-thick p-type GaN layer 214 has 
the hexagonal crystal structure. The 0.2 p m-thick p-type 55 
GaN layer 214 has a ridged portion and flat base por- 
tions. Further, 0.5 p m-thick n-type GaN current block 
layers 315 doped with Si are selectively provided on the 



side walls of the ridged portion of the 0.2 p. m-thick p- 
type GaN layer and also over the flat base portions of 
the 0.2 p m-thick p-type GaN layer 214. The 0.5 p nri- 
thick n-type GaN current block layers 31 5 also have the 
hexagonal crystal structure. As will be described later, 
the 0.5 p m-thick n-type GaN current block layers 315 
are grown by a selective growth of a metal organic 
chemical vapor deposition method using dielectric stripe 
masks arranged on a top of the ridged portion of the 0.2 
p m-thick p-type GaN layer 214. It is important that the 
0,5 p m-thick n-type GaN current block layers 315 hav- 
ing the hexagonal crystal structure are selectively grown 
by the metal organic chemical vapor deposition method 
using dielectric stripe masks on the side walls of the 
ridged portion of the 0.2 p m-thick p-type GaN layer 21 4 
and also over the fiat base portions of the 0.2 p m-thick 
p-type GaN layer 214 having the hexagonal crystal 
structure. Top surfaces of the 0.5 p m-thIck n-type GaN 
current block layers 315 have the same level as a top 
surface of the 0.2 p m-thick p-type GaN layer 214. The 
current block layer structure of the 0.5 p. m-thick n-type 
GaN current block layers 315 cause current confine- 
ment as will be described later. A 0.3 p. m-thick p-type 
GaN contact layer 111 doped with Mg is provided over 
the 0.2 p m-thick p-type GaN layer 214 as well as the 
top surfaces of the upper 0.5 p m-thick n-type GaN cur- 
rent block layers 315. A top surface of the 0.3 p m-thick 
p-type GaN contact layer 111 is flat. The 0.3 p m-thick 
p-type GaN contact layer 111 has the hexagonal crystal 
structure. A p-electrode 112 is provided which extends 
on the 0.3 p m-thick p-type GaN contact layer 111 . The 
p-electrode 112 comprises a nickel layer laminated on 
the top flat surface of the 0. 3 p m-thick p-type GaN con- 
tact layer 111 and a gold layer laminated on the nickel 
layer. An n-electrode 113 is provided on the recessed 
surface of the 3 p m-thick n-type GaN contact layer 1 03. 
The n-electrode 1 1 3 comprises a titanium layer laminat- 
ed on the 3 p m-thick n-type GaN contact layer 103 and 
an aluminum layer laminated on the titanium layer. 

As described above, since the 0.5 p m-thick n-type 
GaN current block layers 315 have an opposite conduc- 
tivity type to that of the 0.2 p m-thick p-type GaN layer 
21 4 and the 0.3 p m-thick p-type GaN contact layer 111, 
then the 0.5 p m-thick n-type GaN current block layers 
31 5 are capable of blocking or guiding a current for cur- 
rent confinement. This current confinement allows a re- 
duction in threshold current of the laser diode. 

The above laser diode is formed as follows. The 
300A-thick undoped GaN buffer layer 102 is grown by 
a metal organic chemical vapor deposition method at a 
low temperature on the flat (OOOI)-face sapphire sub- 
strate 101 so that the 300A-thick undoped GaN buffer 
layer 102 has a hexagonal crystal structure. The 3 pm- 
thick n-type GaN contact layer .103 doped with Si is 
grown by a metal organic chemical vapor deposition 
method on an entire surface of the 300A-thick undoped 
GaN buffer layer 1 02 so that the 3 p. m-thick n-type GaN 
contact layer 1 03 has a hexagonal crystal structure. The 
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0.1 n m-thick n-type lno.05Gao.95N layer 104 doped with 
Si is grown by the metal organic chemical vapor depo- 
sition on the top surface of the ridged portion of the 3 \i 
m-thick n-type GaN contact layer 103 so that the 0.1 p. 
m-thick n-type Ino osGao^gN layer 104 has a hexagonal s 
crystal structure. The 0.4 p. m-thick n-type 
ALo.oyGao^N cladding layer 105 doped with Si is grown 
by the metal organic chemical vapor deposition on the 
0.1 m-thick n-type Ino.osGao QgN layer 104 so that the 
0.4 p. m-thick n-type Alo.oyGao gsN cladding layer 105 10 
has the hexagonal crystal structure. The 0.1 \l m-thick 
n-type GaN optical guide layer 106 doped with Si is 
grown by the metal organic chemical vapor deposition 
on the 0.4 p. m-thick n-type AI0.07Gao.93N cladding layer 
105 so that the 0.1 p. m-thick n-type GaN optical guide 
layer 106 has the hexagonal crystal structure. The mul- 
tiple quantum well active layer 1 07 is grown by the metal 
organic chemical vapor deposition on the 0. 1 p m-thick 
n-type GaN optical guide layer 1 06, wherein the multiple 
quantum well active layer 107 comprises 7 periods of 20 
altemating 25A -thick undoped Ino.aGao.sN quantum 
well layers and 50A-thick undoped Ino osGao.gsN barrier 
layers. The 25A-thtck undoped lno.2Gao.8N quantum 
well layers and the 50A-thick undoped lno.05Gao.95N 
barrier layers have the hexagonal crystal structure. 2S 

The 200A-thick p-type AI0.2Gao.8N layer 108 doped 
with Mg is grown by the metal organic chemical vapor 
deposition on the multiple quantum well active layer 107 
so that the 200A-thick p-type AI0.2Gao.8N layer t08 has 
the hexagonal crystal structure. The 200A-thick p-type 30 
Alo.2Gao.8N layer 109 is capable of preventing dissoci- 
ation of indium from the multiple quantum well active lay- 
er 107. The 0.1 p m-thick p-type GaN optical guide layer 
109 doped with Mg is grown by the metal organic chem- 
ical vapor deposition on the 200A-thick p-type 35 
Alo.2Gao.8N layer 108 so that the 0.1 p m-thick p-type 
GaN optical guide layer 109 has the hexagonal crystal 
structure. The 0.4 p m-thick p-type Alo.07Gao.93N clad- 
ding layer 110 doped with Mg is grown by the metal or- 
ganic chemical vapor deposition on the 0. 1 |a m-thick p- -^o 
type GaN optical guide layer 109 so that the 0.4 p m- 
thick p-type Alo.o7Gao93N cladding layer 110 has the 
hexagonal crystal structure. The 0.2 p m-thick p-type 
GaN layer 214 is grown by the metal organic chemical 
vapor deposition on the 0.4 p m-thick p-type 45 
Alo.07Gao.93N cladding layer 1 1 0 so that theO.2 p m-thick 
p-type GaN layer 214 has the hexagonal crystal struc- 
ture. Further, 2000A-thtck silicon oxide stripe masks 21 5 
are arranged on the 0.2 p m-thick p-type GaN layer 21 4 
so that a longitudinal direction of the 2000A-thick silicon 5o 
oxide stripe masks 21 5 is parallel to the [11 -20] direction 
of the hexagonal crystal structure. The 2000A-thick sil- 
icon oxide stripe masks 215 defines a stripe-shaped 
opening and has a width of 1 p m. A reactive ion etching 
is carried out to selectively remove parts of the 0.2 p m- 
thick p-type GaN layer 21 4. As a result, the ridge portion 
is formed. Further, 0,5 p m-thick n-type GaN current 
block layers 315 doped with Si are selectively grown on 



the side walls of the ridged portion of the 0.2 ^ m-thick 
p-type GaN layer 214 and also over the flat base por- 
tions of the 0.2 p m-thick p-type GaN layer 214 by the 
metal organic chemical vapor deposition method using 
the 2000A-thick silicon oxide stripe masks 215 so that 
the 0.5 p m-thick n-type GaN current block layers 315 
also have the hexagonal crystal structure. The 0.5 p. m- 
thick n-type GaN current block layers 31 5 are grown by 
a selective growth of a metal organic chemical vapor 
deposition method using dielectric stripe masks ar- 
ranged on a top of the ridged portion of the 0.2 p m-thick 
p-type GaN layer 214. It is important that the 0.5 p. m- 
thick n-type GaN current block layers 31 5 having the 
hexagonal crystal structure are selectively grown by the 
metal organic chemical vapor deposition method using 
dielectric stripe masks on the side walls of the ridged 
portion of the 0.2 p m-thick p-type GaN layer 214 and 
also over the flat base portions of the 0.2 p m-thick p- 
type GaN layer 21 4 having the hexagonal crystal- struc- 
ture. Top surfaces of the 0.5 p m-thick n-type GaN cur- 
rent block layers 315 have the same level as a top sur- 
face of the 0.2 p m-thick p-type GaN layer 214. The cur- 
rent block layer structure of the 0.5 p m-thick n-type GaN 
current block layers 315 cause current confinernent. 
The used 2000A -thick silicon oxide stripe masks 215 are 
removed. A 0.3 p m-thick p-type GaN contact layer 1 1 1 
doped with Mg is provided over the 0.2 p m-thick p-type 
GaN layer 214 as well as the top surfaces of the upper 
0.5 p m-thick n-type GaN current block layers 315. A top 
surface of the 0.3 p m-thick p-type GaN contact layer 
111 is flat. The 0.3 p m-thick p-type GaN contact layer 

111 has the hexagonal crystal structure. A p-electrode 

11 2 is formed which extends on the 0.3 p m-thick p-type 
GaN contact layer 111. The p-electrode 112 comprises 
a nickel layer laminated on the top flat surface of the 0.3 
p m-thick p-type GaN contact layer 111 and a gold layer 
laminated on the nickel layer. An n-electrode 113 is 
formed on the recessed surface of the 3 p m-thick n- 
type GaN contact layer 103. The n-electrode 113 com- 
prises a titanium layer laminated on the 3 p m-thick n- 
type GaN contact layer 103 and an aluminum layer lam- 
inated on the titanium layer 

Since the 0.5 p m-thick n-type GaN current block 
layers 315 have an opposite conductivity type to that of 
the 0.2 p m-thick p-type GaN layer 21 4 and the 0.2 p. m- 
thick p-type GaN contact layer 111, then the 0.5 p. m- 
thick n-type GaN current block layers 315 are capable 
of blocking or guiding a current for current confinement. 
This current confinement allows a reduction in threshold 
current of the laser diode. 

Since, further, the p-electrode 112 has a large con- 
tact area with the 0.3p m-thick p-type GaN contact layer 
111. a contact resistance between the p-electrode 112 
and the 0.3 p m-thick p-type GaN contact layer 111 is 
small. 

Furthermore, the above current confinement struc- 
ture can be formed without use of the dry etching proc- 
ess to the active layer. 
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Moreover, the muitiple quantum well active layer 
107 is formed on the flat surface. This results in no pos- 
sibility of compositional modification or no variation in 
composition over position of the active layer. 

Namely, the 0.5 |i m-thick n-type GaN current block 5 
layers 31 5 having the hexagonal structure are selective- 
ly grown on the (OOOI)-face of the 0.2 \x m-thick p-type 
GaN layer 214 having the hexagonal crystal structure 
and the 3 n m-thick n-type GaN contact layer 103 having 
the hexagonal crystal structure by use of the dielectric io 
stripe masks arranged in a longitudinal direction along 
the [1-100] direction so that an optical waveguide is 
formed in a direction along the [1-100] direction of the 
crystal structure. It is, therefore, possible to cleave the 
semiconductor wafer in the [1-100] direction. This is 
means it possible to form the reflective faces of resona- 
tor in the laser diode by the cleaving method. 

As a modification: the optical waveguide may be 
formed in a direction tilted from the [1-100] direction of 
the crystal structure by an angle in the range otfc5 de- 20 
grees. Even if the optical waveguide is formed in a di- 
rection tilted from the [1-100] direction of the crystal 
structure by an angle over the range of±5 degrees, then 
it is difficult to cleave the semiconductor wafer, for which 
reason the reflective faces of resonator in the laser di- 25 
ode are formed by other methods such as dry etching 
than the cleaving method. 

Whereas in the above embodiment the semicon- 
ductor layers having the hexagonal crystal structure are 
grown on the (0001 )-face of the sapphire substrate, rt is 3o 
also possible to grow the semiconductor layers having 
the hexagonal crystal structure on the (11-20)-face of 
the sapphire substrate. 

Further, in place of the {0001)-tace sapphire sub- 
strate and the (11-20)-face sapphire substrate, silicon 55 
oxide substrates with the (0001 )-face or the (1 1 -20)-tace 
are available. Furthermore, MgAl204 substrates with 
the (OOOI)-face or the (11-20)-face are also available. 
Gallium nitride substrates with the (OOOl)-face or the 
(1 1 -20)-face are still further available. The sapphire sub- -^o 
strate, silicon oxide substrate, MgAl204 substrate, and 
gallium nitride substrate having other faces than the 
(OOOI)-lace or the (11 -20)-face are also available. 

The above present invention can be applied not on- 
ly to the gallium nitride based laser diode as illustrated 
in the drawings but also other gallium nitride based laser 
diodes which are different in thickness of layer, compo- 
sition of layer, doping concentration of layer, nnaterial of 
electrode, martial of dielectric stripe masks, depth of dry 
etching, and width of stripe of the dielectric stripe masks, so 

Although in the above embodiment, the individual 
semiconductor layers have surfaces of the (0001 )-f ace, 
the surfaces of the individual semiconductor layers may 
be tilted from the (OOOI)-face by an angle in the range 
of ±5 degrees. ss 

Whereas modifications of the present invention will 
be apparent to a person having ordinary skill in the art, 
to which the invention pertains, it is to be understood 



that embodiments as shown and described by way of 
illustrations are by no means intended to be considered 
in a limiting sense. Accordingly, it is to be intended to 
cover by claims all modifications which fall within the 
spirit and scope of the present invention- 



Claims 

1 . A current block layer structure In a semiconductor 
device, said structure comprising at least a current 
block layer of a first compound semiconductor hav- 
ing a hexagonal crystal structure, said current block 
layer being selectively grown on at least a surface 
of a compound semiconductor region of a second 
compound semiconductor having said hexdgonal 
crystal structure by use of dielectric stripe masks 
defining at least a stripe-shaped opening. 

2. The current block layer structure as claimed in 
claim 1 , characterized in that said hexagonal crystal 
structure has a face tilted from a (0001 )-face by an 
angle in the range of 0 degree to 10 degrees, and 
characterized in that said stripe-shaped opening of 
said dielectric stripe masks have a longitudinal di- 
rection having an included angle to a [11-20] direc- 
tion in the range of -5 degrees to ±5 degrees. 

3. The current block layer structure as claimed in 
claim 2, characterized in that said face of said hex- 
agonal crystal structure is said (OOOI)-face. 

4. The current block layer structure as claimed in 
claim 2, characterized in that said longitudinal di- 
rection of said stripe-shaped opening of said dielec- 
tric stripe masks is parallel to said [1 1 -20] direction. 

5. The current block layer structure as claimed in 
claim 1 , characterized in that said hexagonal crystal 
structure has a face tilted from a (0001 )-face by an 
angle in the range of 0 degree to 10 degrees, and 
characterized in that said stripe-shaped opening of 
said dielectric stripe masks have a longitudinal di- 
rection having an included angle to a [1-100] direc- 
tion in the range of -5 degrees to ±5 degrees. 

6. The current block layer structure as claimed in 
claim 5, characterized in that said face of said hex- 
agonal crystal structure is said (QOOl)-face. 

7. The current block layer structure as claimed In 
claim 5, characterized in that said longitudinal di- 
rection of said stripe-shaped opening of said dielec- 
tric stripe masks is parallel to said [1-100] direction. 

8. The current block layer structure as claimed in 
claim 1, characterized in that said first compound 
semiconductor is of an opposite conductivity type 
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to that of said second compound semiconductor. 

9. The current block layer structure as clainned in 
claim 8, characterized in that said first and second 
compound semiconductors are gallium nitride s 
based semiconductors. 

10. The current block layer structure as claimed in 
claim 9, characterized in that said first compound 
semiconductor is one selected from the group con- io 
sisting of GaN, AIGaN, InGaN and InAIGaN. 

11. The current block layer structure as claimed in 
claim 9, characterized in that said second com- 
pound semiconductor is one selected from the '5 
group consisting of GaN, AIGaN, InGaN and InAI- 
GaN. 

12. The current block layer structure as claimed in 
claim 8, characterized in that said first and second 20 
compound semiconductors are boron nitride based 
semiconductors. 

13. The current block layer structure as claimed in 
claim 1, characterized in that said first compound 2S 
semiconductor has a highly resistive compound 
semiconductor. 

14. The current block layer structure as claimed in 
claim 1 3, characterized in that said highly resistive 30 
compound semiconductor is an undoped semicon- 
ductor 

15. The current block layer structure as claimed in 
claim 1 4, characterized in that said first and second 35 
compound semiconductors are gallium nitride 
based semiconductors. 

16. The current block layer structure as claimed in 
claim 1 5, characterized in that said first compound -^o 
semiconductor is one selected from the group con- 
sisting of GaN, AIGaN, InGaN and InAIGaN. 

17. The current block layer structure as claimed in 
claim 15, characterized in that said second com- 
pound semiconductor is one selected from the 
group consisting of GaN, AIGaN. InGaN and InAI- 
GaN. 

18. The current block layer structure as claimed in 50 
claim 1 3, characterized in that said first and second 
compound semiconductors are boron nitride based 
semiconductors. 

19. The current block layer structure as claimed in 55 
claim 1 , characterized in that said compound sem- 
iconductor region comprises a compound semicon- 
ductor base layer having a flat top surface, and 



characterized in that said current block layer is se- 
lectivefy grown on said flat top surface of said com- 
pound semiconductor base layer by use of said di- 
electric stripe masks provided on said flat top sur- 
face of said compound semiconductor base layer. 

20. The current block layer structure as claimed in 
claim 19. further comprising an additional com- 
pound semiconductor layer of the same conductiv- 
ity type as said compound semiconductor base lay- 
er and said additional compound semiconductor 
layer extending on both side walls and a top surface 
of said current block layer and also extending over 
said compound semiconductor base layer under 
said stripe-shaped opening. 

21. The current block layer structure as claimed in 
claim 1 9, further comprising laminations of a plural- 
ity of additional compound semiconductor layers of 
the same conductivity type as said compound sem- 
iconductor base layer and said laminations of said 
plurality of additional compound semiconductor lay- 
ers extending on both side walls and a top surface 
of said current block layer and also extending over 
said compound semiconductor base layer under 
said stripe-shaped opening. 

22. The current block layer structure as claimed in 
claim 19, characterized in that a side wall of said 
current block layer Is a vertical side wall. 

23. The current block layer structure as claimed in 
claim 1 9, characterized in that a side wall of said 
current block layer is a sloped side wall. 

24. The current block layer structure as claimed in 
claim 1, characterized in that said compound sem- 
iconductor region includes at least a flat base por- 
tion and at least a ridged portion, and characterized 
in that said current block layer is selectively grown 
both on said flat base portion and on side walls of 
said ridged portion by use of said dielectric stripe 
masks provided on a top portion of said ridged por- 
tion. 

25. The current block layer structure as claimed in 
claim 24. characterized in that said current block 
layer comprises a single layer having a top surface 
which Is substantially the same level as said top por- 
tion of said ridged portion. 

26. The current block layer structure as claimed in 
claim 24. characterized in that said current block 
layer comprises laminations of a plurality of different 
layers and said laminations have a top surface 
which is substantially the same level as said top por- 
tion of said ridged portion. 
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27. The current block layer structure as claimed in 
claim 26, characterized in that said laminations 
comprise a first layer having an opposite conductiv- 
ity type to said compound semiconductor region, a 
second layer being laminated on said first layer and s 
having the same conductivity type as said com- 
pound semiconductor region, and a third layer be- 
ing laminated on said second layer and having said 
opposite conductivity type to said compound semi- 
conductor region. io 

28. The current block layer structure as claimed in 
claim 24. characterized in that said ridged portion 
includes laminations of a plurality of different com- 
pound semiconductor layers. is 

29. The current block layer structure as claimed in 
claim 24, characterized in that said ridged portion 
and said flat base portion comprises a single com- 
pound semiconductor layer having a ridged portion 20 
and etched portions. 

30. The current block layer structure as claimed in 
claim 1 , characterized in that said current block lay- 
er is selectively grown by a metal organic chemical 25 
vapor deposition method. 

31 . A gallium nitride based compound semiconduc- 
tor laser having a current block layer structure which 
comprises : 30 

current block layers of a first, com pound semi- 
conductor having a hexagonal crystal structure, 
said current block layers being selectively 
grown on a flat top surface of a compound sem- 
(conductor base layer of a second compound 
semiconductor having said hexagonal crystal 
structure by use of dielectric stripe masks de- 
fining at least a stripe-shaped opening and be- 
ing provided on said flat top surface of said 40 
compound semiconductor base layer ; and 
at least an additional compound semiconductor 
layer of the same conductivity type as said com- 
pound semiconductor base layer and said ad- 
ditional compound semiconductor layer ex- -45 
tending on both side walls and top surfaces of 
said current block layers and also extending 
over said compound semiconductor base layer 
under said stripe-shaped opening. 

50 

32. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 31, characterized 
in that said hexagonal crystal structure has a face 
tilted from a (0001 ) -face by an angle in the range of 

0 degree to 10 degrees, and characterized in that 55 
said stripe-shaped opening of said dielectric stripe 
masks have a longitudinal direction having an in- 
cluded angle to a [1 1 -20] direction in the range of -5 
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. degrees to ±5 degrees. 

33. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 32, characterized 
in that said face of said hexagonal crystal structure 
is said (0001 ] f ace. 

34. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 32, characterized 
in that said longitudinal direction of said stripe- 
shaped opening of said dielectric stripe masks is 
parallel to said [11-20] direction. 

35. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 31, characterized 
in that said hexagonal crystal structure has k face 
tilted from a (0001 )-face by an angle in the range of 
0 degree to 10 degrees, and characterized in that 
said stripe-shaped opening of said dielectric-stripe 
masks have a longitudinal direction having an in- 
cluded angle to a [1-100] direction in the range of 
-5 degrees to ±5 degrees. 

36. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 35, characterized 
in that said face of said hexagonal crystal structure 
is said (0001) -face. 

37. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 35, characterized 
in that said longitudinal direction of said stripe- 
shaped opening of said dielectric stripe masks is 
parallel to said [1-100] direction. 

38. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 31, characterized 
in that said first compound semiconductor is of an 
opposite conductivity type to that of said second 
compound semiconductor 

39. The gallium nitride based compound semicon- 
ductor laser as claimed In claim 38, characterized 
in that said first and second compound semicon- 
ductors are gallium nitride based semiconductors. 

40. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 39, characterized 
in that said first and second compound semicon- 
ductor are ones selected from the group consisting 
of GaN, AIGaN. InGaN and InAIGaN. 

41. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 38, characterized 
in that said first and second compound semicon- 
ductors are boron nitride based semiconductors. 

42. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 31 , characterized 
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in that said first compound semiconductor has a 
highly resistive compound semiconductor. 

43. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 42, characterized 5 
in that said highly resistive compound semiconduc- 
tor is an undoped semiconductor. 

44. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 43, characterized io 
in that said first and second compound semicon- 
ductors are gallium nitride based semiconductors. 

45. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 44, characterized '5 
in that said first and second compound semicon- 
ductor are ones selected from the group consisting 

of GaN, AIGaN, InGaN and InAIGaN. 

46. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 43, characterized 
in that said first and second compound semicon- 
ductors are boron nitride based semiconductors. 

47. The gallium nitride based compound semicon- 25 
ductor laser as claimed in claim 31 , characterized 

in that laminations of a plurality of said additional 
compound semiconductor layers of the same con- 
ductivity type as said compound semiconductor 
base layer extend on both side walls and atop sur- 30 
face of said current block layer and also extending 
over said compound semiconductor base layer un- 
der said stripe-shaped opening under said stripe- 
shaped opening of said dielectric stripe masks. 

43. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 31 , characterized 
in that side walls of said current block layers are ver- 
tical side walls. 

40 

49. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 31 , characterized 
in that side walls of said current block layers are 
sloped side walls. 

45 

50. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 31 , characterized 
in that said current block layer is selectively grown 
by a metal organic chemical vapor deposition meth- 
od. 

51. A gallium nitride based compound semiconduc- 
tor laser having a current block layer structu re which 
comprises current block layers of a first compound 
semiconductor having a hexagonal crystal struc- 
ture. said current block layers being selectively 
grown on both a flat base portion and side walls of 
a ridged portion of a compound semiconductor re- 



gion of a second compound semiconductor having 
said hexagonal crystal structure by use of dielectric 
stripe masks defining at least a stripe-shaped open- 
ing and being provided on a top portion of said 
ridged portion. 

52. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 51, characterized 
in that said hexagonal crystal structure has a face 
tilted from a (0001 )-face by an angle in the range of 
0 degree to 10 degrees, and characterized in that 
said stripe-shaped opening of said dielectric stripe 
masks has a longitudinal direction having an includ- 
ed angle to a (1 1 -20] direction in the range of -5 de- 
grees to ±5 degrees. 

53. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 52, characterized 
in that said face of said hexagonal crystal structure 
is said (OOOI)-face. 

54. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 52, characterized 
in that said longitudinal direction of said stripe- 
shaped opening of said dielectric stripe masks is 
parallel to said [11-20] direction. 

65. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 51, characterized 
in that said hexagonal crystal structure has a face 
tilted from a (0001 ) -face by an angle in the range of 
0 degree to 10 degrees, and characterized in that 
said stripe-shaped opening of said dielectric stripe 
masks has a longitudinal direction having an includ- 
ed angle to a [1 -1 00] direction in the range of -5 de- 
grees to ±5 degrees. 

56. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 55, characterized 
in that said face of said hexagonal crystal structure 
is said (OOOI)-face. 

57. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 55, characterized 
in that said longitudinal direction of said stripe- 
shaped opening of said dielectric stripe masks is 
parallel to said [1-100] direction. 

58. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 51, characterized 
in that said first compound semiconductor is of an 
opposite conductivity type to that of said second 
compound semiconductor. 

59. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 58, characterized 
in that said first and second compound semicon- 
ductors are gallium nitride based semiconductors. 
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60. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 59, characterized 
in that said first and second compound semicon- 
ductors are ones selected from the group consisting 

of GaN. AIGaN, InGaN and InAIGaN. s 

61. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 58. characterized 
rn that said first and second compound semicon- 
ductors are boron nitride based semiconductors. io 

62. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 61, characterized 
in that said first compound semiconductor has a 
highly resistive compound semiconductor. is 

63. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 62, characterized 
in that said highly resistive compound semiconduc- 
tor is an undoped semiconductor. 20 

64. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 63, characterized 
in that said first and second compound semicon- 
ductors are gallium nitride based semiconductors. 25 

65. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 64, characterized 
in that said first and second compound semicon- 
ductor are ones selected from the group consisting 30 
of GaN, AIGaN, InGaN and InAIGaN. 

66. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 63, characterized 

in that said first and second compound semicon- 35 
ductors are boron nitride based semiconductors. 

67. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 51, characterized 

in that each of said current block layers comprises -^o 
a single layer having a top surface which is substan- 
tially the same level as said top portion of said 
ridged portion. 

68. The gallium nitride based compound semicon- ^ 
ductor laser as claimed in claim 51, characterized 

in that each of said current block layers comprises 
laminations of a plurality of different layers and said 
laminations have a top surface which is substantial- 
ly the same level as said top portion of said ridged so 
portion. 

69. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 68, characterized 

in that said laminations comprise a first layer having ss 
an opposite conductivity type to said compound 
semiconductor region, a second layer being lami- 
nated on said first layer and having the same con- 



ductivity type as said compound semiconductor re- 
gion, and a third layer being laminated on said sec- 
ond layer and having said opposite conductivity 
type to said compound semiconductor region. 

70. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 51. characterized 
in that said ridged portion includes laminations of a 
plurality o( different compound semiconductor lay- 
ers. 

71. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 51, characterized 
in that said ridged portion and said flat base portion 
comprises a single compound semiconductor layer 
having a ridged portion and etched portions.' 

72. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 1 . characterrzed in 
that said current block layer is selectively grown by 
a metal organic chemical vapor deposition method. 

73. A gallium nitride based compound semiconduc- 
tor laser comprising : 

a substrate ; 

a first lnxAlyGai.3,.yN (O^x^l, 0^y^1. 
O^x+y^l) layer of a first conductivity type 
formed over said substrate and said first 
In^AlyGa^.x-yN (O^x^l, O^y^l, O^x+y^l) 
layer having a hexagonal crystal structure ; 
In^jGa^.^N (0^x^1) current block layers having 
said hexagonal crystal structure being selec- 
tively grown on a flat surface of said first 
In^AlyGai.^.yN (O^x^l, O^y^l, OSx+y^l) 
layer by use of dielectric stripe masks defining 
a ridge-shaped opening and being provided on 
said flat surface of said first IrixAlyGa-i.jj.yN 
(O^x^l, O^ygl, O^x+ySI) layer ; 
a second In^AlyGai.x.yN (O^x^l, O^y^l, " 
O^x+y^l) layer of said first conductivity type 
being formed which extends on both side walls 
and top surfaces of said current block layers 
and also extends over said first In^AlyGa^.^-yN 
(O^x^l , O^y^l . O^x+y^l ) layer ; 
an active region of an In^AlyGa^.x-yN (O^x^l, 
0^y^1, O^x+y^ 1) compound semiconductor 
formed over said second In^AlyGa^.jj.yN (0^ 
x^l, O^y^l, O^x+y^l) layer ; and 
a third InxAlyGai^^-yN (O^x^l, O^y^l, 
O^x+y^l ) layer of a second conductivity type 
formed over said active region. 

74. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 73, characterized 
in that said hexagonal crystal structure has a face 
tilted from a (0001 )-face by an angle in the range of 
0 degree to 10 degrees, and characterized in that 
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said stripe-shaped opening of said dielectric stripe 
masks have a longitudinal direction having an in- 
cluded angle to a [11-20] direction in the range of -5 
degrees to ±5 degrees. 

5 

75. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 73. characterized 
in that said hexagonal crystal structure has a face 
tilted from a (0001 )-face by an angle in the range of 

0 degree to 10 degrees, and characterized in that 'o 
said stripe-shaped opening of said dielectric stripe 
masks have a longitudinal direction having an in- 
cluded angle to a [1-100] direction in the range of 
-5 degrees to ±5 degrees. 

IS 

76. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 73, characterized 
in that said Inj^Ga^.j^N (O^xgl) current block layers 
are doped with an impurity of a second conductivity 
type. 20 

77. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 73, characterized 
in that said Inj^Ga, .j^N (O^x^ 1 ) current block layers 
are undoped to have a high resistively. 25 

78. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 73, characterized 
In that side walls of said current block layers are 
sloped side walls. 

79. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 73, characterized 
in that said current block layer is selectively grown 

by a metal organic chemical vapor deposition meth- 35 
od. 

80. A gallium nitride based compound semiconduc- 
tor laser comprising : 

40 

a substrate ; 

a first In^AiyGai.jj.yN (O^x^l, O^y^l, 
OSx+y^l) layer o1 a first conductivity type 
formed over said substrate and said first InAl- 
GaN layer having a hexagonal crystal ^5 
structure ; 

an active region of an In^AlyGai.j^.yN (O^x^l, 
O^y^l, O^x+y^ 1 ) compound semiconductor 
having said hexagonal crystal structure and be- 
ing formed over said first In^^AlyGa^.x-yN 
(O^x^l, O^y^l, O^x+y^l) layer; 
a second In^AlyGa^.^-yN (D^x^l. O^y^l, 
O^x+y^l) layer of a second conductivity type 
being formed on said active region and said 
second In^AIyGa^x-yN (O^x^l, O^y^l. 55 
O^x+y^l ) layer having said hexagonal crystal 
structure ; 

dielectric stripe masks being provided on said 



second In^AlyGai.x.yN (O^x^l. O^y^l, 
O^x+y^l) layer and said dielectric stripe 
masks defining a stripe-shaped opening ; and 
an In^Ga^.j^N (O^x^l) layer of said second 
conductivity type having said hexagonal crystal 
structure being selectively grown by use of said 
dielectric stripe masks so that said In^Ga^.^N 
(0^x^1 ) layer extends over said stripe-shaped 
opening and also extends over parts of said di- 
electric stripe masks whereby said In^Ga^.^N 
(O^x^l) layer has a ridge-shape. 

81. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 80, characterized 
in that said hexagonal crystal structure has a face 
lilted from a (0001 )-face by an angle in the rahge of 
0 degree to 10 degrees, and characterized in that 
said stripe-shaped opening of said dielectric stripe 
masks have a longitudinal direction having an in- 
cluded angle to a (1 1 -20] direction in the range of -5 
degrees to +5 degrees. 

82. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 80, characterized 
in that said hexagonal crystal structure has a face 
tilted from a (0001 )-face by an angle in the range of 
0 degree to 10 degrees, and characterized in that 
said stripe-shaped opening of said dielectric stripe 
masks have a longitudinal direction having an in- 
cluded angle to a [1-100] direction in the range of 
-5 degrees to +5 degrees. 

83. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 80, characterized 
in that side walls of said In^Ga^.j^N (0^ x^l layer 
are sloped side walls. 

86. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 80, characterized 
in that said In^Ga-j.^N (0^x^1) layer is selectively 
grown by a metal organic chemical vapor deposition 
method. 

87. A gallium nitride based compound semiconduc- 
tor laser comprising : 

a substrate ; 

a first lnxAlyGai„j.yN (O^x^l. 0^y^1, 
O^x+y^l) layer of a first conductivity type 
formed over said substrate and said first InAI- 
GaN layer having a hexagonal crystal 
structure ; 

an active region of an IrijfAlyGa^.jj.yN (O^x^l. 
O^y^l, O^x+y^ 1) compound semiconductor 
having said hexagonal ciystal structure and be- 
ing formed over said first Inj^AlyGa^.^-yN 
(O^x^l, OSy^l. O^x+y^l) layer ; 
a second In^AlyGai.x-yN (O^x^l. O^y^l, 
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O^x+y^l ) layer of a second conductivrty type 
being formed on said active region and said 
second In^AlyGai.x.yN (Oax^l, 0^y^1, 
O^x+y^ 1 ) layer having said hexagonal crystal 
structure ; s 
lnj^lyGai.^.yN (O^x^l, O^y^l, 0^x+y^1) 
current block layers having said hexagonal 
crystal structure being selectively grown on a 
flat surface of said second InjjAlyGai.^.yN 
(O^x^ 1 , O^y^ 1 , O^x+y^ 1 ) layer by use of di- 
electric stripe masks defining a ridge-shaped 
opening and being provided on said flat surface 
of said second In^AlyGai.j^.yN (O^x^l, O^y 
^1 ,0^x+yg1) layer ; and 
an lnj(GaT.j(N (O^x^l) layer of said second 
conductivity type having said hexagonal crystal 
structure being formed which extends on both 
side walls and top surfaces of said 
In^AlyGa^.x-yN (0^x^1. O^y^l. O^x+y^l) 
current block layers and also extends over said 20 
second In^AlyGai.x.yN (0^x^1. O^y^l, 
O^x+y^ 1 ) layer. 

88. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 87, characterized 2S 
in that said hexagonal crystal structure has a face 
tilted from a (0001 )-face by an angle in the range of 

0 degree to 10 degrees, and characterized in that 
said stripe-shaped opening of said dielectric stripe 
masks have a longitudinal direction having an in- 50 
eluded angle to a [11 -20] direction in the range of -5 
degrees to +5 degrees. 

89. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 87, characterized 35 
in that said hexagonal crystal structure has a face 
tilted from a (0001 )-face by an angle in the range of 

0 degree to 10 degrees, and characterized in that 
said stripe-shaped opening of said dielectric stripe 
masks have a longitudinal direction having an in- "^o 
eluded angle to a [1-100) direction in the range of 
-5 degrees to +5 degrees. 

90. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 87, characterized 4S 
in that side walls of said In^AlyGa^.^. yN (O^x^l, 
O^y^l, O^x+y^l) current block layers are sloped 
side walls. 

91. The gallium nitride based compound semicon- 50 
ductor laser as claimed in claim 87, characterized 

in that said In^Ga^.^N (O^x^l) layer is selectively 
grown by a metal organic chemical vapor deposition 
method. 

55 

92. A gallium nitride based compound semiconduc- 
tor laser comprising : 



a substrate ; 

a first lnxAlyGa,.x.yN (O^x^l, D^y<1. 
O^x+y^l) layer of a first conductivity type be- 
ing formed on a part of said substrate and said 
first In^lyGai.x.yN (O^x^l. O^y^l, 
O^x+y^l) layer having a hexagonal crystal 
structure and said first In^AlyGa^.^.yN (0^x^1. 
O^y^l, O^x+y^ 1) layer having a ridged 
portion ; 

an active region of an In^AlyGa^.x-yN (O^x^l, 
O^y^l, O^x+y^ 1) compound semiconductor 
being formed on said ridged portion of said first 
In^AlyGai.x.yN (O^x^l, O^y^l, O^x+y^l) 
layer ; 

a second lnj(AlyGa,.3(.yN (0^x^1, O^y^l, 
0^x+y^1) layer of a second conductivity type 
being formed on said active region thereby to 
form a ridge-structure on said substrate, char- 
acterized in that said ridge -structure compris- 
ing laminations of said first InjjAlyGa^.^.yN 
(0^x^1, 0^ y^1, O^x+y^l) layer, said active 
region and said second InjcAlyGa^.^-y^ 
(O^x^l, O^ysi, Ogx+y^l) layer ; 
In^AlyGai.jj.yN (O^x^l, O^y^l. O^x+y^l) 
current block layers having said hexagonal 
crystal structure being selectively grown on 
side walls of said ridged-structure and over said 
first InjjAlyGai.x.yN (O^x^l. 0^y^1, 
O^x+y^l) layer by use of dielectric stripe mask 
provided on said ridge-structure ; and 
a third InjjAlyGai.^.yN (0^x^1, O^y^l, 
O^x+y^l) layer of said second conductivity 
type being formed over said In^jAIyGa^.^-yN 
(0^x^1 , O^y^ 1 , O^x+y^ 1 ) current block lay- 
ers and a top of said ridged-structure. 

93. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 92, characterized 
in that said hexagonal crystal structure has a face 
tifted from a (0001 )-face by an angle in the range of 
0 degree to 10 degrees, and characterized in that 
said stripe-shaped opening of said dielectric stripe 
masks have a longitudinal direction having an in- 
cluded angle to a [11 -20] direction in the range of -5 
degrees to +5 degrees. 

94. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 92, characterized 
in that said hexagonal crystal structure has a face 
tilted from a (0001 )-faee by an angle in the range of 
0 degree to 10 degrees, and characterized in that 
said stripe-shaped opening of said dielectric stripe 
masks have a longitudinal direction having an in- 
cluded angle to a [1-100] direction in the range of 
-5 degrees to +5 degrees. 

95. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 92, characterized 



34 



67 



EP 0 851 542 A2 



68 



in that said In^Gai.xN (O^x^l) layer is selectively 
grown by a metal organic chemical vapor deposition 
method. 

96. A gallium nitride based compound semiconduc- s 
tor laser comprising : 

a substrate ; 

a first lnj(AlyGai.x.yN (O^x^l. O^y^l. 
O^x+y^l ) layer of a first conductivity type be- io 
ing formed on said substrate and said first 
lnxAlyGa,-jj.yN (O^x^l. O^y^l, O^x+y^l) 
layer having a hexagonal crystal structure and 
said first ln^AlyGai.x.yN (O^x^l. O^y^l, 
O^x+y^ 1 ) layer having a ridged portion ; 
an active region of an Inj^AlyGa^.^-yN (O^x^l, 
0^y^1, O^x+y^ 1) compound semiconductor 
being formed on said first InjjAtyGa^.j^.yN (0 
^x^1, O^y^l, 0^x+y^1) layer; 
a second In^jAlyGa^.^-yN (0^x^1, O^y^l, 20 
O^x+y^l) layer of a second conductivity type 
being formed on said active region and said 
second lnjjAtyGa,.j(.yN (0^x^1, 0^y^1. 
O^x+y^l ) layer having a ridge portion and flat 
base portions ; 25 
In^AlyGai.jj.yN (O^x^l, O^y^l, O^x+y^l) 
current block layers having said hexagonal 
crystal structure being selectively grown on 
side walls of said ridge portion and over said 
flat base portions by use of dielectric stripe 30 
mask provided on said ridge portion ; and 
a third In^AlyGai.^-yN (0^x^1, 0^y^1. 
O^x+y^l) layer of said second conductivity 
type being formed over said In^jAlyGa^.^-yN 
(0^x^1, 0^y^1,0^x+y^1) current block lay- 3S 
era and a top of said ridge portion. 

97. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 96, characterized 

in that said hexagonal crystal structure has a face 40 
tilted from a (0001 )-face by an angle in the range of 
0 degree to 10 degrees, and characterized in that 
said stripe-shaped opening of said dielectric stripe 
masks have a longitudinal direction having an in- 
cluded Eingle to a [1 1 -20) direction in the range of -5 
degrees to +5 degrees. 

98. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 96, characterized 

in that said hexagonal crystal structure has a face so 
tilted from a (0001 )-face by an angle in the range of 
0 degree to 10 degrees, and characterized in that 
said stripe-shaped opening of said dielectric stripe 
masks have a longitudinal direction having an in- 
cluded angle to a [1-100] direction in the range of 5S 
-5 degrees to +5 degrees. 

99. The gallium nitride based compound semicon- 



ductor laser as claimed in claim 96. characterized 
in that said In^Ga^.^N (O^x^l) layer is selectively 
grown by a metal organic chemical vapor deposition 
method. 

100. A current confinement structure in a semicon- 
ductor laser, comprising : 

dielectric stripe masks defining a stripe-shaped 
opening and being provided on a flat surface of 
a compound semiconductor base layer having 
a hexagonal crystal structure ; and 
a compound semiconductor ridge-shaped layer 
of a hexagonal crystal structure being selec- 
tively grown in said stripe-shaped opening over 
said compound semiconductor base layer as 
well as over parts of said dielectric stripe 
masks. • 

101. The current confinement structure as claimed 
in claim 100, characterized in that said hexagonal 
crystal structure has a face tilted from a (0001 )-face 
by an angle in the range of 0 degree to 10 degrees, 
and characterized in that said stripe-shaped open- 
ing of said dielectric stripe masks have a longitudi- 
nal direction having an included angle to a [11-20] 
direction in the range of -5 degrees to +5 degrees. 

102. The current confinement structure as claimed 
in claim 100. characterized in that said hexagonal 
crystal structure has a face tilted from a (OOOI)-face 
by an angle in the range of 0 degree to 1 0 degrees, 
and characterized in that said stripe-shaped open- 
ing of said dielectric stripe masks have a longitudi- 
nal direction having an included angle to a [1-100] 
direction in the range of -5 degrees to +5 degrees. 

103. The current confinement structure as claimed 
in claim 100, characterized in that said compound 
semiconductor base laye r and said compound sem- 
iconductor ridge-shaped layer are made of one se- 
lected from the group consisting of gallium nitride 
based semiconductors and boron nitride based 
semiconductors. 

104. The current confinement structure as claimed 
in claim 1 00, characterized in that said current block 
layer is selectively grown by a metal organic chem- 
ical vapor deposition method. 

105. A method of forming a current block layer 
structure comprising the steps of: 

providing dielectric stripe masks defining at 
least a stripe-shaped opening on a surface of 
a compound semiconductor region having a 
hexagonal crystal structure ; and 
selectively growing at least a current block lay- 
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er of a compound semiconductor having said 
hexagonal crystal structure on said surface of 
said compound semiconductor region by use of 
said dielectric stripe masks. 

5 

106. The method as claimed In claim 105, charac- 
terized In that said hexagonal crystal structure has 
a face tilted from a (OOOl)-face by an angle in the 
range of 0 degree to 1 0 degrees, and characterized 

in that said stripe-shaped opening of said dielectric io 
stripe masks have a longitudinal direction having an 
included angle to a [11-20] direction in the range of 
-5 degrees to +5 degrees. 

107. The method as claimed in claim 105, charac- is 
terized in that said hexagonal crystal structure has 

a face tilted from a (0001 )-face by an angle in the 
range of 0 degree to 10 degrees, and characterized 
in that said stripe-shaped opening of said dielectric 
stripe masks have a longitudinal direction having an 20 
Included angle to a [1 -100] direction in the range of 
-5 degrees to +5 degrees. 

108. The method as claimed in claim 105, charac- 
terized in that said compound semiconductor of 
said current block layer is of an opposite conductiv- 
ity type to that of said compound semiconductor re- 
gion. 

109. The method as claimed in claim 108, charac- 30 
terized in that said compound semiconductor of 
said current block layer and said compound semi- 
conductor region are gallium nitride based semi- 
conductors. 

35 

110. The method as claimed in claim 108, charac- 
terized in that said compound semiconductor of 
said current block layer and said compound semi- 
conductor region are boron nitride based semicon- 
ductors. ^0 

111. The method as claimed in claim 105, charac- 
terized in that said compound semiconductor of 
said current block layer has a highly resistive com- 
pound semiconductor. ^5 

112. The method as claimed in claim 111, charac- 
terized in that said highly resistive compound sem- 
iconductor is an undoped semiconductor. 

50 

113. The method as claimed in claim 105, charac- 
terized in that said compound semiconductor region 
comprises a compound semiconductor base layer 
having a flat top surface, and characterized in that 
said current block layer is selectively grown on said ss 
fiat top surface of said compound semiconductor 
base layer by use of said dielectric stripe masks pro- 
vided on said flat top surface of said compound 



semiconductor base layer. 

114. The method as claimed In claim 105, further 
comprising the step of forming an additional com- 
pound semiconductor layer of the same conductiv- 
ity type as said compound semiconductor base lay- 
er so that said additional compound semiconductor 
layer extends on both side walls and a top surface 
of said current block layer and also extends over 
said compound semiconductor base layer under 
said stripe-shaped opening under said stripe- 
shaped opening. 

115. The method as claimed In claim 105. further 
comprising the step of forming laminations of a plu- 
rality of additional compound semiconductor layers 
of the same conductivity type as said compound 
semiconductor base layer so that said laminations 
of said plurality of additional compound semicon- 
ductor layers extend on both side walls and a top 
surface of said current block layer and also extend 
over said compound semiconductor base layer un- 
der said stripe-shaped opening. 

116. The method as claimed in claim 105, charac- 
terized in that said compound semiconductor region 
includes at least a flat base porfion and at least a 
ridged portion, and characterized in that said cur- 
rent block layer is selectively grown both on said flat 
base porfion and on side walls of said ridged porfion 
by use of said dielectric stripe masks provided on a 
top portion of said ridged portion. 

117. The method as claimed in claim 116, charac- 
terized in that said current block layer comprises a 
single layer having a top surface which is substan- 
tially the same level as said top portion of said 
ridged portion. 

118. The method as claimed in claim 116, charac- 
terized in that said current block layer comprises 
laminations of a plurality of different layers and said 
laminations have a top surface which Is substantial- 
ly the same level as said top portion of said ridged 
portion. 

119. The method as claimed in claim 118, charac- 
terized in that said laminations are formed by de- 
positing a first layer having an opposite conductivity 
type to said compound semiconductor region, de- 
positing a second layer being laminated on said first 
layer and having the same conductivity type as said 
compound semiconductor region over said first lay- 
er, and a third layer being laminated on said second 
layer and having said opposite conductivity type to 
said compound semiconductor region over said 
second layer. 
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120. The method as claimed in claim 105. charac- 
terized in that said current block layer is selectively 
grown by a metal organic chemical vapor deposition 
method, 

5 

121. A method of forming a current block layer 
structure in a gallium nitride based compound sem- 
iconductor laser, comprising the steps of: providing 
dielectric stripe masks defining at least a stripe- 
shaped opening on a flat surface of a compound io 
semiconductor region having a hexagonal crystal 
stnjcture ; 

selectively growing at least a ridge-shaped cur- 
rent block layer of a compound semiconductor is 
having said hexagonal crystal structure on said 
surface of said compound semiconductor re- 
gion by use of said dielectric stripe masks ; and 
forming at least an additional compound semi- 
conductor layer of the same conductivity type 20 
as said compound semiconductor base layer 
so that said additional compound semiconduc- 
tor layer extends on both side walls and a top 
surface of said current block layer and also ex- 
tends over said compound semiconductor base 25 
layer under said stripe-shaped opening under 
said stripe-shaped opening. 

122. The method as claimed in claim 121, charac- 
terized in that said hexagonal crystal structure has 30 
a face tilted from a (OOOI)-face by an angle in the 
range of 0 degree to 10 degrees, and characterized 

in that said stripe-shaped opening of said dielectric 
stripe masks have a longitudinal direction having an 
included angle to a [11-20] direction in the range of 35 
-5 degrees to +5 degrees. 

123. The method as claimed in claim 121, charac- 
terized in that said hexagonal crystal structure has 
a face tilted from a (0001 )-face by an angle in the 
range of 0 degree to 10 degrees, and characterized 
in that said stripe-shaped opening of said dielectric 
stripe masks have a longitudinal direction having an 
included angle to a [1-100] direction in the range of 
-5 degrees to +5 degrees. 

124. The method as claimed in claim 121, charac- 
terized in that said compound semiconductor of 
said current block layer is of an opposite conductiv- 
ity type to that of said compound semiconductor re- 
gion. 

125. The method as claimed in claim 121, charac- 
terized in that said compound semiconductor of 
said current block layer and said compound semi- 
conductor region are gallium nitride based semi- 
conductors. 



1 26. The method as claimed in claim 121. charac- 
terized in that said compound semiconductor of 
said current block layer and said compound semi- 
conductor region are boron nitride based semicon- 
ductors, 

127. The method as claimed in claim 121, charac- 
terized in that said compound semiconductor of 
said current block layer has a highly resistive com- 
pound semiconductor. 

128. The method as claimed in claim 127, charac- 
terized in that said highly resistive compound sem- 
iconductor is an undoped semiconductor, 

129. The method as claimed in claim 121 , charac- 
terized in that said current block layer is selectively 
grown by a metal organic chemical vapor deposition 
method. 

130. A method of forming a current block layer 
structure in a gallium nitride based compound sem- 
iconductor laser, comprising the steps of: 

forming flat base portions and ridged portions 
of a compound semiconductor region ; 
providing dielectric stripe masks defining at 
least a stripe-shaped opening on said ridged 
portion of said compound semiconductor re- 
gion having a hexagonal crystal structure ; 
selectively growing at least a current block lay- 
er of a compound semiconductor having said 
hexagonal crystal structure both on said flat 
base portion and on side walls of said ridged 
portion by use of said dielectric stripe masks. 

131. The method as claimed in claim 130, charac- 
terized in that said hexagonal crystal structure has 
a face tilted from a (OOOI)-face by an angle in the 
range of 0 degree to 10 degrees, and characterized 
in that said stripe-shaped opening of said dielectric 
stripe masks have a longitudinal direction having an 
included angle to a [11 -20] direction in the range of 
-5 degrees to +5 degrees. 

132. The method as claimed in claim 130, charac- 
terized in that said hexagonal crystal structure has 
a face tilted from a (OOOI)-face by an angle in the 
range of 0 degree to 10 degrees, and characterized 
in that said stripe-shaped opening of said dielectric 
stripe masks have a longitudinal direction having an 
included angle to a [1-100] direction in the range of 
-5 degrees to +5 degrees. 

133. The method as claimed in claim 130, charac- 
terized in that said compound semiconductor of 
said current block layer is of an opposite conductiv- 

. ity type to that of said compound semiconductor re- 
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gion. 

134. The method as claimed in claim 130, charac- 
terized in that said compound semiconductor of 
said current block layer and said compound semi- s 
conductor region are gallium nitride based semi- 
conductors. 

135. The method as claimed in claim 130, charac- 
terized in that said compound semiconductor of 
said current block layer and said compound semi- 
conductor region are boron nitride based semicon- 
ductors. 

136. The method as claimed in claim 130, charac- 
terized in that said compound semiconductor of 
said current block layer has a highly resistive com- 
pound semiconductor. 

137. The method as claimed in claim 136, charac- 20 
terized in that said highly resistive compound sem- 
iconductor is an undoped semiconductor 

138. The method as claimed in claim 130, charac- 
terized in that said current block layer comprises a 25 
single layer having a top surface which is substan- 
tially the same level as said top portion of said 
ridged portion. 

139. The method as claimed in claim 130, charac- 30 
terized In that said current block layer comprises 
laminations of a plurality of different layers and said 
laminations have a top surface which is substantial- 
ly the same level as said top portion of said ridged 
portion. 

140. The method as claimed in claim 139, charac- 
terized in that said laminations are fomned by de- 
positing a first layer having an opposite conductivity 
type to said compound semiconductor region, de- ^0 
positing a second layer being laminated on said first 
layer and having the same conductivity type as said 
compound semiconductor region over said first lay- 
er, and a third layer being laminated on said second 
layer and having said opposite conductivity type to 
said compound semiconductor region over said 
second layer. 

141. The method as claimed in claim 130, charac- 
terized in that said current block layer is selectively 
grown by a metal organic chemical vapor deposition 
method. 

142. A method of forming a current confinement 
structure in a gallium nitride based compound sem- 55 
iconductor laser comprising the steps of: 

providing dielectric stripe masks defining at 



least a stripe-shaped opening on a flat surface 
of a compound semiconductor region having a 
hexagonal crystal structure ; and 
selectively growing a compound semiconduc- 
tor ridge-shaped layer of a hexagonal crystal 
structure in said stripe-shaped opening over 
said compound semiconductor base layer as 
well as over parts of said dielectric stripe 
masks. 

143. The method as claimed in claim 142. charac- 
terized in that said hexagonal crystal structure has 
a face tilted from a (OOOI)-face by an angle in the 
range of 0 degree to 10 degrees, and characterized 
in that said stripe-shaped opening of said dielectric 
stripe masks have a longitudinal direction having an 
included angle to a [11-20] direction in the range of 
-5 degrees to +5 degrees. 

144. The method as claimed in claim 142, charac- 
terized in that said hexagonal crystal structure has 
a face tilted from a (OOOI)-face by an angle in the 
range of 0 degree to 10 degrees, and characterized 
in that said stripe-shaped opening of said dielectric 
stripe masks have a longitudinal direction having an 
included angle to a [1-100] direction in the range of 
-5 degrees to +5 degrees. 

145. The method as claimed in claim 142, charac- 
terized in that said compound semiconductor region 
and said compound semiconductor ridge-shaped 
layer are made of one selected from the group con- 
sisting of gallium nitride based semiconductors and 
boron nitride based semiconductors. 

146. The method as claimed in claim 142, charac- 
terized in that said compound semiconductor ridge- 
shaped layer is selectively grown by a metal organic 
chemical vapor deposition method. 
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FIG. 1 prior art 




201 : (ll-20)-face sapphire substrate 

102 : 300 A-thick undoped GaN bxiffer layer 

103 :3m m-thick n-type GaN contact layer doped with Si 

104 : 0.1 /i m-thick n-type Ino.osGao^sN layer doped with Si 

105 : 0.4 m m-thick n-type Alo.07Gao.93N cladding layer doped with Si 

106 : 0.1 M m-thick n-type GaN optical guide layer doped with Si 

107 : multiple quantum well active layer of 7 periods of 

25 A-thick undoped Ino^Gao.gN quantum well layers and 
50 A-thick imdoped Ino.05Gao.95N hairier layers 

108 : 200 A-thick p-type Alo.2Gao.8N layer doped with Mg 

109 : 0.1 M m-thick p-type GaN optical guide layer doped with Mg 

1 1 0 : 0.4 M m-thick p-type Alo.7Gao.93N cladding layer doped with Mg 

111 : 0.2 M m-thick p-type GaN contact layer doped with Mg 

112 : p-electrode 

113 : n-electrode 
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FIG. 2 prior art 



U2 n 




201 : (ll-20}-face sapphire substrate 

102 : 300 A-thick undoped GaN bufifer layer 

103 :3m m-thick n-type GaN contact layer doped with Si 

104 : 0,1 M m-thick n-type Ino.05Gao.95N layer doped with Si 

605 : 0.5 p. m-thick n-type Alo.05Gao.95N cladding layer doped with Si 
106 : 0.1 M m-thick n-type GaN optical guide layer doped with Si 
707 : multiple quantum well active layer of 7 periods of 

30 A-thick xmdoped Ino^Gao.gN quantum well layers and 

60 A-thick xmdoped Ino.05Gao.95N barrier layers 

1 08 : 200 A-thick p-type Alo,2Gao.8N layer doped with Mg 

1 09 : 0. 1 ;z m-thick p-type GaN optical guide layer doped with Mg 
710 : 0.5 M m-thick p-type Alo.05Gao.95N cladding layer doped with Mg 

111 : 0.2 M m-thick p-type GaN contact layer doped with Mg 

112 : p-electrode 

113 : n-electrode 

215 : silicon oxide film 
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FIG. 3 



112 




101 : (0001 )-face sapphire substrate 

102 : 300 A-thick undoped GaN buffer layer 

103 : 3 M m-thick n-type GaN contact layer doped with Si 

1 14 : 0.5 /i m-thick p-type GaN current block layer doped with Mg 

1 15 : 0. 1 At m-thick n-^e GaN cladding layer doped with Si 

105 : 0.4/1 m-thick n-type Alo.07Gao.93N cladding layer doped with Si 

1 06 : 0. 1 /i m-thick n-type GaN optical guide layer doped with Si 

107 : multiple quantum well active layer of 7 periods of 

25 A-thick undoped InoiGao.gN quantum well layers and 
50 A-thick undoped Ino.05Gao.95N barrier layers 

108 : 200 A-thick p-type Alo.2Gao.8N layer doped with Mg 

109 : 0.1 /i m-thick p-type GaN optical guide layer doped with Mg 

1 10 : 0.4m m-thick p-type Alo.07Gao.93N cladding layer doped with Mg 

111 : 0.2 /* m-thick p-type GaN contact layer doped with Mg 

112 : p-electrode 

113 : n-electrode 
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FIG. 4 




101 : (000 1 )-face sapphire substrate 

102 : 300A-thick xmdoped GaN buffer layer 

103 : 3 ;z m-thick n-type GaN contact layer doped with Si 

1 14 : 0.5 ;i m-thick p-type GaN current block layer doped with Mg 
215 : silicon oxide stripe masks 
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FIG. 5 




101 : (0001)-face sapphire substrate 

102 : 300A-thick undoped GaN buffer layer 

103 :3ii m-thick n-type GaN contact layer doped with Si 

1 1 4 : 0.5 m-thick p-type GaN current block layer doped with Mg 
115: 0.5 n m-thick n-type GaN cladding layer doped with Si 

105 : 0.4 ;t m-thick n-type Alo.07Gao.93N cladding layer doped with Si 

106 : 0. 1 M m-thick n-type GaN optical guide layer doped with Si 

1 07 : multiple quantum well active layer of 7 periods of 

25 A-thick undoped Ino.2Gao.8N quantum well layers and 
50 A-thick undoped Ino.05Gao.95N barrier layers 

108 : 200 A-thick p-type AIo.2Gao,8N layer doped with Mg 

109 : 0. 1 M m-thick p-type GaN optical guide layer doped with Mg 

1 10 : 0.4 A m-thick p-type Alo.07Gao.93N cladding layer doped with Mg 

111 : 0.2 A m-thick p-^e GaN contact layer doped with Mg 

112 : p-electrode 

113 : n-electrode 



43 



EP 0 851 542 A2 



FIG. 6 




101 : (OOOl)-face sapphire substrate 

102 : 300 A-thick xindoped GaN buffer layer 

103 :3m m-thick n-type GaN contact layer doped with Si 

114 : 0.5 m-thick p-type GaN cuirent block layer doped with Mg 
215 : silicon oxide stripe masks 
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FIG. 7 




201 : (ll-20>face sapphire substrate 

1 02 : 300 A-thick undoped GaN buffer layer 

103 :3m m-thick n-type GaN contact layer doped with Si 

1 04 : 0. 1 M m-thick n-type Ino.05Gao.95N layer doped with Si 

105 : 0,4 M m-thick n-type Alo,07Gao.93N cladding layer doped with Si 

106 : 0.1 M m-thick n-type GaN optical guide layer doped with Si 

107 : multiple quantum well active layer of 7 periods of 

25 A-thick undoped Ino.2Gao.8N quantum well layers and 
50 A-thick undoped Ino.05Gao.95N barrier layers 

1 08 : 200 A-thick p-type Alo^Gao.gN layer doped with Mg 

1 09 : 0. 1 M m-thick p-type GaN optical guide layer doped with Mg 

1 10 : 0.4 M m-thick p-type Alo.07Gao,93N cladding layer doped with Mg 

214 : 0.2 M m-thick p-type GaN layer doped with Mg 

215 : 2000 A-thick silicon oxide stripe masks 

111 : 0.3 M m-thick p-type GaN contact layer doped with Mg 
112 : p-electrode 

113 : n-electrode 
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FIG. 8 




201 : (ll-20)-face sapphire substrate 

102 : 300 A-thick xmdoped GaN buffer layer 

1 03 :3m m-thick n-type GaN contact layer doped with Si 

104 : 0.1 M m-thick n-type Ino.05Gao.95N layer doped with Si 

105 : 0.4 n m-thick n-type Alo.07Gao.93N cladding layer doped with Si 

106 : 0.1 /i m-thick n-type GaN optical guide layer doped with Si 

107 : multiple quantum well active layer of 7 periods of 

25 A-thick vindoped Ino^Gao.sN quantum well layers and 
50 A-thick xmdoped Ino.05Gao.95N barrier layers 

108 : 200 A-thick p-type Alo^Gao.gN layer doped with Mg 

109 : 0.1 M m-thick p-type GaN optical guide layer doped with Mg 

1 1 0 : 0.4 /I m-thick p-type Alo.07Gao.93N cladding layer doped with Mg 

2 1 4 : 0,2 /i m-thick p-type GaN layer doped with Mg 

215 : 2000 A-thick silicon oxide stripe masks 

1 1 1 : 0.3 M m-thick p-type GaN contact layer doped with Mg 
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FIG. 9 




101 : (OOOl)-face sapphire substrate 

102 : 300A-thick undoped GaN buffer layer 

103 :3m m-thick n-type GaN contact layer doped with Si 

104 : 0.1 ii m-thick n-type Ino.05Gao.95N layer doped with Si 

105 : 0.4 At m-thick n-type Alo.07Gao.93N cladding layer doped with Si 

106 : 0.1 M m-thick n-type GaN optical guide layer doped with Si 

107 : miiltiple quantum well active layer of 7 periods of 

25 A-thick undoped Ino.2Gao.8N quantum well layers and 
50A-thick vmdoped Ino.05Gao.95N barrier layers 

108 : 200 A-thick p-type Alo.2Gao.8N layer doped with Mg 

109 : 0.1 Ai m-thick p-type GaN optical guide layer doped with Mg 

11 0 : 0.4 M m-thick p-type Alo.07Gao.93N cladding layer doped with Mg 
2 1 4 : 0.2 M m-thick p-type GaN layer doped with Mg 

3 1 5 : 0.5 m-thick n-type GaN current block layer doped with Si 

111 : 0.3 M m-thick p-type GaN contact layer doped with Mg 

112 : p-electrode 

113 : n-electrode 
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FIG. 10 




101 : (OOOl)-face sapphire substrate 

102 : 300 A-thick undoped GaN buffer layer 

1 03 : 3 M m-thick n-type GaN contact layer doped with Si 

1 04 : 0. 1 M m-thick n-type Ino.05Gao.95N layer doped with Si 

105 : 0.4 M m-thick n-type Alo.o7Gao,93N cladding layer doped with Si 

106 : 0.1 M m-thick n-type GaN optical guide layer doped with Si 

1 07 : multiple quanturii well active layer of 7 periods of 

25 A-thick undoped Ino.2Gao.8N quantum well layers and 
50 A-thick undoped Ino.05Gao.95N barrier layers 

108 : 200 A-thick p-type Alo^Gao.gN layer doped with Mg 

1 09 : 0. 1 M m-thick p-type GaN optical guide layer doped with Mg 

1 10 : 0.4 At m-thick p-type Alo.07Gao.93N cladding layer doped with Mg 

2 14 : 0.2 M m-thick p-type GaN layer doped with Mg 
315:0.5 m m-thick n-type GaN current block layer doped with Si 
111: 0.3 M m-thick p-type GaN contact layer doped with Mg 

215 : silicon oxide stripe masks 
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FIG. 1 1 




101 : (0001)-face sapphire substrate 

102 : 300A-thick undoped GaN buffer layer 

103 :3p, m-thick n-type GraN contact layer doped with Si 

1 04 : 0. 1 /X m-thick n-type Ino.05Gao.95N layer doped with Si 

1 05 : 0.4 ^ m-thick n-type Alo.ovGao.ssN cladding layer doped with Si 

106 : 0.1 M m-thick n-type GaN optical guide layer doped with Si 

107 : multiple quantum weU active layer of 7 periods of 

25 A-thick undoped Ino.2Gao.8N quantum well layers and 
50 A-thick undoped Ino.05Gao.95N barrier layers 

108 : 200 A-thick p-type Alo.2Gao.8N layer doped with Mg 

109 : 0.1 M m-thick p-type GaN optical guide layer doped with Mg 

1 10 : 0.4 A m-thick p-type Alo.07Gao.93N cladding layer doped with Mg 
214 : 0.2 m-thick p-type GaN layer doped with Mg 

315 : 0.5 /X m-thick n-type GaN current block layer doped with Si 
1 14 : 0.5 m-thick p-type GaN current block layer doped with Mg 
3 15 : 0.5 At m-thick n-type GaN current block layer doped with Si 
111: 0.2 u m-thick p-type GaN contact layer doped with Mg 

112 : p-electrode 

113 : n-electrode 
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FIG. 12 




101 : (0001)-face sapphire substrate 

102 : 300 A-thick undoi>ed GaN bxififer layer 

103 : 3 /i m-thick n-type GaN contact layer doped with Si 

104 : 0,1 n ra-thick n-type Ino.05Gao.95N layer doped with Si 

105 : 0.4 M m-thick n-type Alo.07Gao.93N cladding layer doped with Si 

106 : 0-1 M m-thick n-type GaN optical guide layer doped with Si 

107 : multiple quantum well active layer of 7 periods of 

25 A-thick imdoped InoiGao.sN quantum well layers and 
50 A-thick undoped Ino.05Gao.95N barrier layers 

108 : 200 A-thick p-type Alo.2Gao.8N layer doped with Mg 

109 : 0.1 /z m-thick p-type GaN optical guide layer doped with Mg 

1 10 : 0-4 M m-thick p-type Alo.07Gao.93N cladding layer doped with Mg 

214 : 0.2 m m-thick p-type GaN layer doped with Mg 

3 1 5 : 0.5 m-thick n-type GaN current block layer doped with Si 
1 1 4 : 0.5 M m-thick p-type GaN current block layer doped with Mg 
3 15 : 0.5 M m-thick n-type GaN current block layer doped with Si 

215 : silicon oxide stripe masks 
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FIG. 13 




101 : (0001>-face sapphire substrate 

102 : 300 A-thick undoped GaN buffer layer 

103 :3ix m-thick n-type GaN contact layer doped with Si 

104 : 0,1 A m-thick n-type Ino.05Gao.95N layer doped with Si 

105 : 0-4 M m-thick n-type Alo.o7Gao,93N cladding layer doped with Si 

106 : 0-1 M m-thick n-type GaN optical guide layer doped with Si 

107 : multiple quantum well active layer of 7 periods of 

25 A-thick \mdoped Ino jGao.gN quantum well layers and 
50 A-thick imdoped Ino.05Gao.9sN barrier layers 

108 : 200 A-thick p-type AldGao.gN layer doped with Mg 

109 : 0.1 M m-thick p-type GaN optical guide layer doped with Mg 

1 10 : 0,4 ;i m-thick p-type Alo.07Gao.93N cladding layer doped with Mg 
214 : 0.2 M m-thick p-type GaN layer doped with Mg 

315 : 0.5 M m-thick n-type GaN current block layer doped with Si 

111 : 0.3 M m-thick p-type GaN contact layer doped with Mg 

112 : p-electrode 

113 : n-electrode 
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FIG. 14 




101 : (0001)-face sapphire substrate 

102 : 300A-thick undoped GaN buffer layer 

103 : 3 M m-thick n-type GaN contact layer doped with Si 

104 : 0.1 M m-thick n-type Ino.05Gao.95N layer doped with Si 

105 : 0.4 n m-thick n-type Alo.07Gao.93N cladding layer doped with Si 

106 : 0.1 m-thick n-type GaN optical guide layer doped with Si 

107 : multiple quantum well active layer of 7 periods of 

25 A-thick undoped Ino.2Gao.8N quantum well layers and 
50 A-thick undoped Ino.05Gao.95N barrier layers 

108 : 200 A-thick p-type Alo.2Gao.8N layer doped with Mg 

109 : 0. 1 M m-thick p-type GaN optical guide layer doped with Mg 

1 10 : 0.4 M m-thick p-type Alo.07Gao.93N cladding layer doped with Mg 
2 14 : 0.2 ;x m-thick p-type GaN layer doped with Mg 

3 15 : 0.5 M m-thick n-type GaN current block layer doped with Si 

111 : 0.3 M m-thick p-type GaN contact layer doped with Mg 
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